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GENERAL REMARKS AND 
ANALYTICAL FROCEDURES 

The first step in the preparation of many pure carote- 
noids is extraction from a natural source. This extrac- 
tion is made as gently as possible, to prevent the iso- 
merization and destruction of the carotenoids. The 
preferred method uses extraction of the carotenoids 
with a chilled solvent. One quite satisfactory method 
involves the homogenizadon of plant material in a mix- 
ture of acetone and petroleum ether in a Waring 
Blendor. Frequently^ solid carbon dioxide is added to 
keep the solution cold. Antioxidants and basic com-, 
pounds (e.g., calcium carbonate) may also be added, 
to minimize oxidation of the carotenoids or their de- 
struction by plant acids. Other methods involve grinding 
with solvent in a mortar or extracting with boiling sol- 
vent (methanol or ethanol, for example). The carote- 
noids are transferred to a hydrocarbon solvent (petro- 
leum ether or benzene) after the addition of water and 
salt (sodium chloride or ammonium sulfate) to the alco- 
hol or acetone phase. Xanthophylls are then separated 
from the carotenes by partition between immiscible sol- 
vents. Most commonly, this separation is effected with 
petroleum ether and 90% methanol. However, other 
solvent mixtures are also used. The xanthophylls are 
found in the methanol (hypophase), and the carotenes 
are present in the petroleum ether (epiphase). If xan- 
thophyll esters are present, the carotene solution is 
saponified with alcoholic potassium hydroxide (prefer- 
ably at room temperature or below), and the resultant 
xanthophylls are separated from the carotenes by parti- 
tion between petroleum ether and aqueous alcohol. Fol- 
lowing separation and thorough removal of water from 



the hydrocarbon solvent, the carotenes are separated 
from one another by chromatography. The xanthophylls 
are also transferred to petroleum ether, the solution is 
dried, and the pigments are separated by chromatogra- 
phy. The separated compounds (carotenes or xantho- 
phylls) may then be crystallized or stored in a nonpolar 
solvent at — 10 to —20 Similar procedures are used 
for the purification of chemically synthesized carote- 
noids. To minimizer cis-^trans isomerizatibh of the ca- 
rotenoids, all operations should be carried out in dim 
Ught or semtdarkness and as rapidly as possible. Pure 
solvents should be used, to minimize destruction of the 
carotenes, and, when possible, operations should be 
conducted in an inert atmosphere. 

The most useful criteria of purity for carotenoids are 
'chromatography and absorption spectra. Colored im- 
purities in a carotenoid preparation are readily detected 
by chromatography. Thin-layer, paper, or column chro- 
matography may be used, with preference to the fixst 
two because they are more rapid and require a smaller 
amount of material. Colored impurities are also de- 
tected by examination of the absorption spectrum. The 
presence of m-isomers in a carotenoid preparation may 
be determined by chromatography or by examination of 
the absorption spectrum. Most cts-isomers have pro- 
nounced ^'m-peak'* absorption. Colorless impurities in 
a carotenoid preparation are detected by a comparison 
of the absorption coefficients of the carotenoid with 
those of the preparation. 

Several other methods are quite useful for establish- 
ing the presence or absence of impurities in a carote- 
noid preparation. Infrared spectra will show the pres- 
ence of colored or colorless impurides. However, this 
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method may not reveal the presence of small propor- 
tions of impurities. Nuclear magnetic resonance and 
mass spectrometry are more useful in establishing the 
purity of a carotenoid preparation. Gas-liquid chroma- 
tography of hydrogenated carotenoids has also been 
used to establi^ purity; this method is particularly use- 
ful if the column is programmed from about ISO to 
280 *>C. 

Carotenoidr are decomposed by light;' air,- and acid 
solvents.** Therefore, it is recommended that they be 
stored in the dark (preferably in brown vials), in an 
inert atmosphere (or a sealed ampoule), at --10 to 
-20 

The colorless compounds related to the carotenes, or 
to precursors in their biosynthesis, are assayed for pur- 
ity by a variety of methods. These methods are detailed 
in the specifications for each compound. 

The presentation of physical characteristics of the 
carotenoids and related compounds is uniform through- 
out these specifications. Thus, all light*absorpdon wave- 
length maxima are given in nanometers (nm), and all 
melting points and boiling pomts are given in degrees 
Celsius CO. 

Melting points are reported as stated in the particular 
reference cited. Smce the melting point of a carotenoid 
can vary appreciably, depending upon the mediod used 
for its determinadon, original articles should be con* 
suited when a comparison is made between an experi- 
mentally determined melting point and a value reported 
in these specificadons. 

The references listed for a compound reported in these 
specifications should be consulted for the synthesis, iso- 
lation from natural materials, purification, and assay for 
purity of that compound. In addition, the following bib- 
liography may be consulted for a wide range of infor- 
madon of value in the preparation of carotenoids and 
in the analysis of these compounds for purity. 

Following the bibliography are the names of con- 
tributors and reviewers who particularly assisted the 
Subcommittee and whose work is hereby gratefully ac- 
knowledged. 

ANALYSES OF COMMERQAL PRODUCTS 

Analyses were carried out, during 1969, to determine 
the purity of 16 commercially available carotenoids and 
related compounds. The compounds assayed were pur- 
chased on the open market, and they were ones for 
which criteria and specifications had been reported in 
Publication No. 1344 of the National Academy of 
Sciences, the previous edition of the present publication. 
These compounds varied considerably in purity. Seven 
carotenoids and related compounds had purities of 90- 
100% by the criteria reported in the earlier publication, 
and seven had purities of 80-90%. One compound had 



a purity of 70-80%, and one had a purity of less than' 
10%. None of the commercial products contained 
colored impurities. Hence, the impurities were either 
colorless compounds that had not been removed in the 
preparation of the commercial product or colorless oiu- 
dation products that were formed during die time inter- 
val between their preparation by the commercial sup- 
plier and our receipt of the product It seems probable 
diat the product of very low purity was one in which 
much oxidation occurred after its preparation by the 
supplier. Such a product would, however, be almost 
worthless to the purchaser. 
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Carot4 / Carot*2 ^ 



CaroM 

Antheraxanthin 

5,6-£poxy>5»6-dihydro-/3,j3-carotene-3,3^-diol 

Formula: C4oHmQi 

Formula Wt: 584.89 

Gftic %: C 8Z14; H, 9.65; 0. 8.21 




OH 



Antheraxanthin has been characterized as 5,6-epoxy-3,3'-dihy- 
droxy-^<arotene.i** Ttit stereochemistry of this compound is un* 
known. 

Sources: 

Natural Sources, Antheraxanthin is present as an ester in LUium 
tigrinum,* from which it was originally isolated. It is also present 
in smaller proportions in some fruits. 

Partial Synthesis. Antheraxanthin is obtained on oxidation of 
zeaxanthin with monoperphthalic acid.'**** Two isomers, having 
difierent optical rotatory dispersion properties, are obtained.* 
Isolation Procedures:^'* Antheraxanthin is extracted from biological 
materials with acetone or ethanol and then transferred to benzene. 
This pigment is then separated from other carotenoids by chro- 
matography on a caldum hydroxide-^^te column. 
Methods of Purification: 

Solvent Partition, A partial purification of antheraxanthin can 
be obtained by partition between several solvent combinations.* 

Chromatography, Antheraxanthin has been purified by chroma- 
tography on columns of calcium hydroxide* and of zinc carbon- 
ate.> 

Crystallization. Needles or thin plates are obtained on crystal- 
h'zation from benzene-methanoL' 

Derivatives: No derivatives other than the furanoid rearrange- 
ment product (mutatoxanthin) have been reported.' 

Methods of Assaying for Purity: 

Chromatography. Assays for chromatographic homogeneity 
can be carried out on thin-layer plates* or on kieselguhr paper.' 

Visible Spectrum. Carbon disulfide:* 478 and 510 nm. Chloro- 
form:* 460.5 and 490.5 nm. 

Mass Spectrum, The mass spectrum of antheraxanthin has been 
reported.* 

Melting Point. Antheraxanthin melts* at 205 *C. 

Derivatives. Mutatoxanthin is obtained on treatment of anther- 
axanthin with chloroform containing a trace of hydrochloric 
add.1 

IVi^ble Impurities: Violaxanthin and mutatoxanthin. 
CooditioDS of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule)» and low temperature (—20 "Q. 
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Carot*2 
/S-Apocarotenal 
8'-Apo-0-caroten-8'-a] 
03-^Apo-8'»carotenal) 

Formula: CaoH4oO 

Formula Wt: 416.65 

Calc %: C 86.48; H» 9.68; 0, 3.84 




Sources: 

Natural Sources. ^Apocarotenal has been reported to be pres- 
ent in citrus fruits,''* various vegetables*^ grass, hver,^ and 
duodenal mucosa.^ 

Chemical Synthesis, ^-Apocarotenal has been synthesized from 
"^•Ctraldehyde.*'' It has also been prepared by oxidation of 
/3-carotene with potassium permanganate.**' 
Methods of Purification: 0-Apocarotenal is purified by recrystalliza- 
tion from organic solvents (petroleum ether or petroleum ether- 
ethyl acetate). 
Methods of Assaying for Purity: 

Chromatography, ^-Apocarotenal may be assayed for purity by 
chromatography on a column of partially deacdvated alumina. 
It may also be chromatographed on thin*layer plates of silica gel 
G (Merck) or secondary magnesium phosphate. Cyclohexane- 
ethyl ether (8:2), carbon tetrachloride, or peuoleum ether-ethyl 
ether (19: 1) may be used as the developing agent. 

Visible Spectrum. Cyclohexane: £i'^ 2640 at 461 nm; 2165 at 
488 nm. 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectrum has been reported.* 

Melting Point, 139 'C, violet plates from methanol* 
Probable Impurities: cu^Isomers of ^•apocarotenal. 
Conditions of Storage: DzTkj\ts& (brown vial), inert atmosphere 
(sealed ampoule), and tow temperature (0 °Q. 
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^Apocarotenoic Add Ethyl Ester / AsUdn 



Carot-a 

/}>Apocarotenoic Acid Ethyl Ester 
Ethyl 8'"Apo-0-caroten-8^«oate 
(jS-Apo-S'-carotenoic Acid (C30) Ethyl Ester) 

Fonnida: C«sH440i 

FonmdaWt.: 460.71 

Ode. %: C, 83.42; H. 9.62; 0. 6.96 




Naiuml Sources. ^-Apocarotenoic add is a metabolic product 
of ^pocarotenaU-*^-Apoc8roteaoic acid has been isolated from 
. ~ maize.' 

Chemieai Synthesis, Ethyt ^-apocarotenoate is prepared In 
analogy to the methyl ester* from IS.lS'-dehydro-Ky-apo-^J-carot- 
enal (CWX 'and (I-ethoxycarbonyiethyl>tripbenylpbo$phonium 
bromide. 

' Methods of Purification: Ethyl ^-apocarotenoate is purified by crys- 
tallization from organic solvents (petroleum ether or petroleuni 
ether-ethyl acetate). 
Methods of Assaying for Purity: 

Chromatography. Ethyl ^-apocarotenoate is assayed for purity 
by chromatography on a column of partially deactivated alu- 
mina or on thin layers of secondary magnesium phosphate or 
alkaline silica gel G (Merck). Petroleum ethers-ethyl ether (19: i) 
is used to develop the thta*layer chromatograrn. 

Visible Spectrum, Cyclohcxanc: values arc 2350 at 449 nm 
and 2140 at 475 nm. The absorption spectra of ^-apocarotenoic 
add ethyl ester in hexane, ethanol» and petroleum ether have been 
published. 

Melting Point. A range of 134-138 "C has been reported. 
Probable Impurities: cisAsomtn of ^-apocarotenoie add ethyl ester. 
Omditions of Storage: Darkness (brown vial)» inert atmosphere 
(sealed ampoule), and low temperature (—20 *Q. 

* » 

Mmmem 

U O. WissAod H. Thommen. CarotinetuidCafoitnoUt, K. L«ng. c<L. D. Steinkepff 

Veilftg. Daniuu<lt(t963)» p. t79. 
2. H. ThMBmeo, Chbnla, 15.433 (1961). 

3. 1. Bamtd. F. Benito, L. Genevois. and A. Maurioe, Com^. itcnct. 260, 704S 
(19d5). 

4. O. liter* W. Guex. R. ROegg, G. Ryicr. G. Saucy» U. Schwiater, M. Walter, and 
A. Winterttcin. Hetv. Cft(m. Acta, 4Z, 864 <t9S9). 



Carot-4 

jS-Apocarotenoic Acid Methyl Ester 
Methyl 8'-Apo-|S*caroten-8^-i)ate 
0»Apo-S'<arotenoic Add (Cso) Methyl Ester] 

Formula: CtiHiiOi 

Fonaoia V/U 446.68 

Ode. %: C, 83.36; H, 9.48; 0, 7.16 
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dources: 

Natural Sources, 5-Apocarotenoic acid is a metabolic product 
of ^•apocarotcnaL** 

Chemical Synthesis, The methyl ester of ^-apo-S'-carotenoic 
acid (C«) is prepared from IS.lS'-dehydro-^po-Ky-car tenal 
(Cn) and (l-methoxycarbonylcthyl)triphenylphosphomum bro* 
mide.* 

Methods of Purification: The methyl ester of ^-apocarotenoic add 
is purified by recrystalUzation from petroleum ether or petroleum 
ether-«thyl acetate. 
Methods of Assaying for Purity: 

Chromatography}"* The methyl ester of ^-apocarotenoie add 
is assayed for purity by chromatography on a column of partially 
deactivated aluminum oxide or by chromatography on a thm 
layer of secondary magnesium phosphate or alkaline stUca gel O 
(Merck). The thin-Iayer chromatograns are developed with a 
mixture of petroleum ether-^thyl ether (19: 1). 

Visible Spectrum. Petroleum ether: 446 and 471 nm. Eltm 2575 
and 2160, respectively.' 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectrum of the methyl ester has been reported.* 

Melting Point.* The RKtbyl ester of ^-apocarotenoic add melts 
at 136-137 

Probable Impurities: Traces of cu-isomers of ^-apocarotenoic add 
methyl ester. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (<*20 

RaiKCMM 
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Carot-5 
Astacin 

3,3'-Dihydroxy-2,3,2',3'-tetrahydro*j8^- 

carotene-4,4'-dione ^ /?,/3*Carotene-d4»3%4'-tetrone 
(Astacene) 



Formula: CM4O4 

FonmdaWt: 59183 

Gale. %: C. 81.04; H. 8.16; 0, 10.80 
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Astadn has been characterized as 3,3\4,4'-tetraketo-^-carotene. The 
enol form of this compound (shown above) preponderates.^ 

« 

Sources: 

Natural Sources, Astacin is not a commonly occurring natural 
pigment However, it may be obtained on treatment of astaxan- 
thin or astaxanthin esters with alkali.' Astaxanthin may be iso- 
lated from some algae and firom a wide variety of animals.* One 
of the best sources of this compound is lobster shells.* 



% 
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Chemical Synthesis. The synthesis of astacin from canthaxan- 
thin has been reported* 
Isdatioo Procedures:*'* SheUs of freshly killed lobsters are covered 
with 2 M HQ and left to stand therein until they turn red. They 
are then washed with water and the hypodermis is separated. Pig* 
ment is extracted with acetone at room temperature and then 
transferred to petroleum ether, with dilution of the extract with 
water. The petroleum ether solution is washed with water and 
90% methanol, diluted with 2 M NaOH and sufficient ethanol to 
form a homogeneous solution, and kept in the dark at room tem- 
perature for 5 h. Sufficient water is then added to produce two 
layers. The ethanolic layer is separated, and covered with petro- 
leum ether, and the astacene is precipitated by careful addiiica- 
tion with acetic add. The pigment is washed with hot water, dis- 

* solved in a small volume of highly purified pyridine, and crystal- 
/ lized by the addition of a small proportion of water. 
Methods of Purification: 

Chromatography. Astacin may be chromatographed on such 
weak neutral adsorbents as alumina-fibrous cky* (1:4) or su- 
crose.* Other adsorbents, such as alumina, adsorb this compound 
. too dghtly, whereas such compounds as calcium carbonate do 
not adsorb it. 

Solvent Partition, Astacin may be partially purified by partition 
between petroleum ether and alkaline methanoL^* 

Crystallization. Astacin crystallizes in needles from pyridine- 
water.* 

Derivatives. Astacin forms a dioxime,' a bis^pheiumne deriva- 
tive,' and such esters as the diacetate*'*** and dipalmiute.' 
Methods of Assajring for Purity: 

Chromatography. The purity of astacin may be determined by 
chromatography on kieselguhr paper.' 

ViMe Spectrum. Carbon disulfide,* broad maximum at 510 
nm. Pyridine,* broad maximum at 500 nm. The £i m (max), at 498 
nm in pyridine is 1 X 10^.' 

infrared Spectrum. The spectra for astadn and astacin diaceute 
in a potassium bromide pellet have been reported.* 

Nuclear Afagnetic Resonance Spectrum. The nuclear magnetic 

• resonance spectrum of astacin has been reported.'****'* 

Mass Spectrum. The mass spectra of astacin and some of its 
derivatives have* been determined.'* 

Melting Point. Several diflerent melting points have been re- 
ported for this compound. These are 240-243 'C,* 241 *C," 228 
•C,« and 228-230 "C* 

Optical Rotation. Astacin is optically inactive. 
Probable Imparity: AstaxanthiiL 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (—20 *C). 
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Carot-6 
Bixin 

m 

Methyl Hydrogen 9'-cu*6,6'-Diapocar tene-6,6'-dioate 
Formula :C»H«oO« 

Structure: See Kuhn and Winterstein,^ Barber et a/.^* 

Formula Wt : 394.52 

Qdc. %: C, 76.11 ; H. 7.66; 0, 16.23 
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Sources: 

Natural Source:, Bixin has been isolated from the seeds otBixa 
orellana^ and aU-zranf-bixin has been found in tiie roots f 
Aristolochia cymbifera} Bixin is extracted from commercial 
orlean, pat6 de rocou,* or bixa seeds^ with organic solvents. 

Chemical Synthesis, Methyl-ccM-{natural) bixin*'' and all- 
rjwtf-mcthyl bixin have been synthesized.*^-" 
Methods of Purification : Purification is achieved by recrystallization. 
Methods of Assaying for Purity: 

Chromatography. Methyl bixin and its geometrical isomers 
have been separated on chromatographic colunms.^* However, 
the column-chromatographic separation of the corresponding 
bixin isomers has not been reported. Methyl bixin has also been 
assayed for purity by thin-layer chromatography." 

Derivatives. Methyl bixin, norbixin, their dihydro and perhydro 
derivatives, and various other esters of bixin have been prepared.* 

Visible Spectrum. Bixin carbon disulfide, 459, 489, and 523.5 
nm; chloroform, 439, 469.5, and 503 nm; all-fnm^^bixin:* carbon 
disulfide, 457, 491 , and 526.5 nm; chloroform, 443, 475, and 509.5 
nm. Methyl bixin: benzene, 444, 471, and 502 nm. Absorption 
spectra for bixin in ethanol and methyl bixin in hexane have been 
reported.* 

Infrared Spectrum. The inirared spectrum of methyl bixin has 
been reported." 

Mass Spectrum. The mass spectrum of bixindial has been re- 
ported." 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectra for methyl natural bixin,» all-frowmcthyl bixin,**' and 
cir-apo-l-norbixinal methyl ester*-* have been reported. 

Melting Point, fiixin melts at 198 ""C, all-lroiu-bixin" at 216-217 
•C, and methyl bixin* at 163 
Probable Impurity: all-/rans^BixiiL 

Conditions of Storage: The conditions of storage that are used for 
Other carotenoids should be used for bixin. However, the com- 
pound is much more stable than many other carotenoids to air, 
heat, and light** 
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Carot-7 
Quithaxantiiin 
0ij3-Caroteiie4,4'-dioRe 
09UCarotene-4|4^-dione) 

Formula: CoHuOt 

Formula Wt:S64.86 

Cal<x C, 85.06; H, 9.28; O. 5.66 




Natural Sources, Canthaxanthin has been reported to be pres- 
ent in crustaceae»' fishes (trout),' the organs of flamingos.''^ the 
feathers of several species of birds, mushrooms,* insects,* and 
algae.1* 

Chemical Synthesis, Canthaxanthin has been synthesized from 
/8-carotcne."-*» 15,l5'-didehydro-^-carotcne," croceiindiaWe- 
hyde," and dehydrocrocetindialdehyde." 

Methods of Purification: Canthaxanthin is separated from other pig- 
ments by chromatography on columns of magnesia or partially 
deacuvated alumina. Further purilicatson is achieved by recrystal- 
lization (dtchloromethane or other solvents). 

Methods of Assaying for Purity: 

Chromatography. Purity of the pigment may be determined by 
chromatography on columns of deactivated alumina or magnesia, 
or by chromatography on a thin layer of silica gel G (Merck)." 
Dichloromethane-ethyl ether (9:1) is used to develop the chro> 
matogram. 

Vbible Spectrum, Cyclohexane: The principal light-absorption 
maximum is found at 470 nm. An £} » value of 2200 is found at 
this wavelength. 

Nuclear Magnetic Resonance, The nuclear magnetic resonance 
spectrum of canthaxanthin has been reported.**"** 

Mass Spectrum, The mass spectrum of canthaxanthin has been 
reported."*" 

X'Bay Crystallography. The configuration of canthaxanthin has 
been determined.** 

Melting Point, A melting point of 211-212 ''C has been re- 
ported." 

Probable Impurities: Echinenone and cij-isomers. 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20 "^Q. 
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Carot-8 
Capsanthin 

(3/{^'S^'R)3,3'-Dihydroxy-/3,K-caroten-6'-one 

Formula: CiqHmOi 
Formula Wt: 584.89 
Cal& %: C; 8Z14; H, 9.65; 0, 8.21 




Sources: 

Natural Sources. Fruits of red peppers {Capsicum annum) are a 
good source of capsanthin.'** 

Chemical Synthesis. The structure of capsanthin has been es- 
tablished through degradation/"* and its synthesis from jS-citra- 
urin has been reported.^ The absolute configuration of capsanthin 
has been established as ^R, 3'5, y/L*-* » 
Methods of Purificatioa: The extraction, chromatography on cal- 
cium carbonate, and crystallization of capsanthin have been re* 
ported.'*" 
Methods of Assaying for Purify: 

Chromatography, Capsanthin may be assayed for purity by 
chromatography on columns of cidcium carbonate or zinc carbon* 
ate. Carbon disulfide or benzene-ethyl ether is used to develop 
the column.''" Purity may also be determined by chromatography 
on a thin layer of silica gel G {Ri 0.16 in a system of 20% ethyl 
acetate in dichloromethane),'* or kielselguhr impregnated with 
vegetable oil {Rt 0.74 in a system of 20:4:3 methanol-acetone- 
water, saturated with vegetable oil).'* 

Derivatives, The following derivatives of capsanthin have been 
prepared: capsanthin diiodide; capsanthol; capsanthin diacetate, 
dipropionate, dibutyrate, divalerate, dicaproate, dicaprate, di- 
myristate, dipalmitate, distearate, and dibenzoate; capsanthone; 
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Carot-9 



anbydrocapsanthone; capsanthylal; capsanthylal monoxime; and 
capsaldchyde.**-" 

Solvent Partition. The solvent-partiti n rati between petro- 
leum ether and 90% methanol is 0: 100.>* 

Visible Spectrum, Carbon disuliide: 503 and 542 nm. Petroleum 
ether: 475 and 505 nm. Benzene: 486 and 520 nm, Eum 1790 at 
486 nm.** Complete spectrum.**"" lodtne-isomerized capsaathin 
«h ws a **cis peak" at 355 nm. 

Infrared Spectrum. The infared spectrum of capsanthin has 
been reported." 

Mass Spectrum. The mass spectrum of capsanthin has been 
reported." 

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic 
resonance spectrum of capsanthin has been reported.* 

Optical Rotatory Dispersion, The optical rotatory dispersion 
curves of capsanthin and related compounds have been reported." 

Melting Point. The meiung point of capsanthin has been re- 
ported to be 176 'C (uncorrected)" and 175-176 'C (corrected)." 

Optical Rotation. An [abi of +36"* (chloroform) has been re- 
ported." 

Probable Impurities: cu-Isomers and traces of zeaxanthin and 
capsonibin." 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20* Q. 
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Capsonibin 



Carot-9 
Capsorubin 

(3S3/?,3'S,5'R)3,3^Dihydroxy-x,K.carotene-6,6'-dionc 

m 

Formula: CioHuOi 
Formula Wt.: 600.89 

Calc. %: C, 79.96; H, 9.39; 0, 10.63 OH 




OH 



Sources: 

Natural Sources. Qipsorubin occurs as an ester in ripe paprika 
(Capsicum annum) fruits.^-* The absolute configuration of capsoru* 
bin has been establishe(i as 35, 5R, VS, 5'ie.*>«*M 

Chemical Synthesis, The chemical synthesis of capsorubin has 
been reponed.' 

Isc^tion Procedures Paprika pods are pretreated with ethanoU 
and then extracted with petroleum ether. The combined extracts 
are concentrated in vacuum, and the residue is chromatographed 
on calcium carbonate. The capsorubin ester is saponified with 
methanolic potassium hydroxide. The unsaponifiable fraction, in 
carbon disulfide solution, is rechromatographed on calcium car- 
bonate. The chromatographically purified pigment is then crystal- 
lized from benzene-petroleum ether. 
Methods of PurificaUon: 

Chromatography. Capsorubin may be chromatographed on a 
column of calcium carbonate^ or magnesia.' 

Solvent Partition. A partial purificadon of capsorubin may be 
achieved by solvent pardtion.'** 

Crystallization. Capsorubin crystallizes as violet needles from 
benzene-petroleum ether and as plates from carbon disulfide.' 

Derivatives, A number of esters of capsorubin have been pre- 
pared. These are the diacetatej** dipropionate, dibutyrate, dival- 
erate, dicapronate, dicaprinate, dimyristate, dipalmitate, and 
distearate.* The reduction product, capsorubol,^>*->^ and the oxi- 
. dation product. capscM-ubone,'*"'* have also been prepared. 
Methods of Assaying for Purity: 

Chromatography. The homogeneity of capsorubin preparations 
can be ascertained by microchromatographic methods.***'* Chro- 
matography on circular paper impregnated with a kieselguhr 
filler is recommended.'* 

Visible Spectrum. Hexane:* 443, 468, and 503 nm. Petroleum 
ether :» 444, 474, and 507 nm. Benzene: 455, 486, and 520 nm;»'" 
460, 487, and 522 nm;* 463, 487, and 522 nm.*« Qirbon disulfide:' 
468, 502, and 541.5 nm. Ethanolr* 482 nm. Spectral curves of 
capsorubin in hexane, benzene, and ethanol have been reported.* 
Molar absorption coeflBcients in benzene are the foUowing:'* 463 
nm, 89.2 X 10»; 487 nm, 129.8 X 10»; and 522 nm, 119.1 X 10». 

Infrared Spectrum, The infrared spearum of capsorubin in 
chloroform has been reported.'' 

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic 
resonance spectrum of capsorubin has been reported.'**'* 

Mass Spectrum. The mass spectrum of capsorubin has been re- 
ported.'*" 

Melting Point.* Capsorubin melts at 218 ""C 
Optical Rotation. The optical rotatory dispersion curve of 
capsorubin has been reported.* 
Probable Impurities: Zeaxanthin and capsanthin. 
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Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and I w temperature (*-20 *C). 
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Carot-10 

o^Carotene 

(6'R)^,eCarotene 

Pomtula: CoHm 
FomndaWt.: 536.89 




Sources* 

Natural Sources. a-Carotene is present in much smaller pro- 
portions than ^-carotene in most plant species. However, the best 
sources of this carotene are the same as the sources of /3-carotene: 
carrots,* palm oil,*-* and green leaves of various species.^ In some 
algae, ot-carotene is the major carotene.* 

Chemical Synthesis, The chemical synthesis of orcarotene has 
been nported,*^ The absolute configuration of a<arotene has 
been established as 6'/L>* 
Isolation Procedures: The extraction of a<arotene from plant 
sources, and its purificadon by distribution between immiscible 
solvents, chromatography, and crystallization have been re> 
ported.*-*" 
Methods of PurificatioB; 

Chromatography, orCarotene has been purified by chromatog- 
raphy on columns of calcium hydroxide, alumina, or magnesia." 

Crysttdlization. orOrotene may be crysullized from the same 
solvent pairs used to crystallize /3-carotene and lycopene." 
Methods of Assaying for Purity: 

Chrotiuttognphy. The purity of a-carotene may be determined 



by chromatography on columns," alumina paper,** or thin*layer 
plates of magnesia.** 

Solvent Partition}* The partition ratio between hexane and 95% 
methanol is 1(X):0. 

Visible Spectrum. Hexane (b,p, 65-67 •Q: 422, 446, and 474 
nm. 2725 (446 nm) and 2490 (474 nm). Spectral curve.** Light 
petroleum: 422, 444. and 473 nm. £|«. 2800 (444 nm). 

Mass Spectrum, The mass spectrum of a^otene has been re- 
ported.**-" 

Nuciear Magnetic Resonance Spectrum. The nuclear magnetic 
resonance spectrum of occarotene has been reported.**'*' ** 

Optical Rotatory Dispersion. The optical rotatory dispersion 
curve of orcarotene has been reported.** 

Melting PointM a-Carotene melts at 184-188 *C. 

Optical Rotation. [aSa +385* has been reported.* 
Probable Impurities: Oxidation products, ci!^iso^Krs, and other 

carotenes 0'<arotene and phytoflueneX 
Conditions of Storage: Da^ness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20 *€), 

Rtftswm 

1. P. Kmr and O. Walker, Httt. dklm. Acta, K, 641 (1933). 

2. R. Kuha and E. Ledeitr. 2. P^jM. Cton.. 200, 246 (1931). 

3. R. Kuhn and E Ledcrer. Chtm. Ber., 64, 1349 (1931). 

4. H. H. Strain. J. BioL Chtm., 105, 523 (1934). 

5. M. B.' Allen. L. Fiiea, T. W. Goodwin, and D. M. Thooaaa, J, Gen. MknbioL 
34.259(1964). 

6. P. Karrer and C H. Eugsier. Htlt. Chlm. Acta, 33. 1952 (195(Dw 

7. a H. Ettgster and P. Karrer. Htlf. Chtm. Acta, 38, 610 (1955). 

I. H. H. Iflboffeo. U. Schwieter. and O. ]Usp6. Ann, CAcm..' 588, 117 (1954). 
9. C Taelianer, C R Eusuer. and P. Kamr. Helv. Chlm, Aaa, 40, 1676 (1957). 
IQL C K. Eugster. R. Budiecker. C TKhaner, O. Uhda, Md O. Ohloa; HA*. 
Chtm. Acta, 52. 1729 (1969). 

11. R. KtihB and a Brockmann. Z. FhfM. Chmu, 200, 255 (1931). 

12. F. P. ZacheUe, J. W. White, Jr., B. W. Beadle. and 1. R. IUMli,Ptoif PMoL, 
17, 331 (1942). 

13. A. Jen$eo. Acta Chtm. Scend., 14, 2031 (1960). 

14. H. R. BoUiger. A. Kdoig. and i;. Sdiwieter. ChUnla, 18, 136 (1964). 

15. F. J. Petracek and L* Zedumiaicr, Amd. Chtm., 28, 1484 (19^ 

14 V. Schwietcr, H. R. BoUiger, L. H. Cbopanl-dU4ean. G. Engtett. M. Kofier. 

A. KOnig. C voo Ptanta, R. ROegg, W. Veiicr. and O. Iiler. CMnda, 19, 294 
(1965). 

17. U. Schwicter. G. Eaglcit. N. Rigaai. and W. Vetier, Pun AppL Chtm.,, 20. 
363 (1969). 

18. H. Budiikiewicz. H. Bnezinka, and B. Johannea, Monatsh, Ckem., 101, 579. 
(1970). 

19. CR.EttttlUG. W.Ffanc»,aodS.UaaeDJenaen.ilclaCftm.J'MMr..23;727 
(1969). 

2a B. C L. Weedoa. Forttehr, Chtm. Ore. f/atnrstofft, 27, 81 (1969). 

21. L.Baitlett.W.KIyne.W.P.Mose.P.M Scopes, G. Oalaiko. A. K. MaUaa*. 

B. C L. Weedon. G. Siaboics. and G. T6th. J. Chenu Soc (0. 2327 (1969). 



CaroMl 
/9-Carotene 

Formula: CioHm 
Fonraila Wt: 536.89 
Gale %: C, 89.49; H, ia51 
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Uaturai Sources. Ecceilent sources are carrots,> palm oil,* and 
green leaves of many plant species.' 

Chemical Synthesis, Several chemical syntheses f ^-car tene 
have been itported.*"* 

Inlatioa and Methods of PuriAcatioa: The extraction f ^-carotene 
from plant material and the separation and purificattoo of this 
compound by solvent partition, chromatography, and crystalliza- 
tion have been reported.'"''*'* The standardization of some of the 
steps in these procedures has been effected through cooperative 
studies.^ 

Methods of Assay&ig for Pkirity : 

Chromatography. Purity of the compound may be determined 
fay column chromatography (usually on magnesia),** chromatog- 
raphy on kieselguhr paper," or chromatography on a thin layer of 
magnesia." 

SohemPanitiim}* Use partition ratio between hexane and 95% 
methanol is 100:0i 

Vmie Speetrum,^^^* Hexane (b.p. 65-67 «C): 450 and 478 url 
&L 2590 and 228a Cyclohexane: 456 and 484 nm. £! « 2500 and 
215a 

Ittfmred Speetrunu The infrared absorpdon spectrum has been 
reported.* 

Uudear Magnetic Resonance Spectrum. The nuclear magnetic 
resonance spectrum has been reported.'* 

x^Ray Crystallography. The configuration of ^-carotene has 
been determined.'* 

Mass Spectrum. The mass spectrum of ^-carotene has been 
reported.'*^ 

Melting Point. ^-Carotene melts at 178-180 *C,*^ 
ftoboble Impurides: Oxidation products and ci[^>isomers; small pro- 
portions of related carotenes (or- and r<arotenes) may also be 
present if chromatographic purification has not been properly 
perfom^d. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), low temperature (-20 "^Q. 
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T'Carotene 



Carot-12 

7-Carotene 

i9»^Carotene 

Formula: CmHh 
Formula Wt: 536.89 
Calc. %: C, 89.49; H, 10.S1 

Sources: 

Natural Sources. A strain of PenicUlium sclerotiorum is one f 
the best sources of this pigment.' This compound is also present 
in small proportions in many plant materials, particularly fruits, 
that contain ^<arotene.* 

Chemical Synthesis. The chemical synthesis of >-carotene has 
been reported by Garbers et al.* and Riiegg er al.* 
Isolation Pkfocedures: r-Carotene is isolated from plant materials by 
the methods of solvent extraction, saponification, phasic separa* 
tion, and chromatography commonly used for other carotenes.* 
Methods of Purification: 

Solvent Partition. 7-Carotene is epiphasic on partidon between 
90% aqueous methanol and petroleum ether,* 

Chromatography. Purification of 7-carotene nuy be achieved by 
chromatography on a column of aluminum oxide^' or caldum 
hydroxide.* 

Crystallization. Benzene-methanol (2:1) has been used to 
crystallize 7-carotene.* 
Methods of Assaying for Purity: 

Chromatography. The purity of r-carotene may be determined 
by colunm (aluminum oxide) or thiu'-layer (magnesium oxide) 
chromatography.* 

Visil^e Spectrum.^**^ Petroleum ether: 437, 462, and 494 nm. 

£Sm 2053, 3100, and 2720, respectively. Benzene: 448, 477, 

and 510 nm. 

infrared Spectrum. The infrared spectrum of Y-carotene has 
been reported.* 

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic 
* resonance spectrum of 7-carotene has been reported.*^ 

Mass Spectrum. The mass spectrum of >-carotene has been 
reported.*** 

Melting Point. A meldng point of 150 *C has been reported** for 
natural -r-carotene. Synthetic imns^-carotene melts*** at 152-154 

•c 

Probable Impurities: Oxidation products, cij-isomers, and lycopene 

(when isolated from natural sources). 
Conditions of Storage: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 
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f-Orolene / OtranaxafitUii 
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CaroM3 
^•Carotene 

7A7't8'-Tetrahydro^,^-carotene 
(7A7\8'*Tetrahydrolycopene) 

FonanU: CoHn 
Fomiula Wt; 540.90 
:Gile. %: C, 88.82; H. 11.18 



Natural Sources. Good soiuoes of f-carotene are carrot roots,^ * 
ihiit of certain varieties of tomato/ fruit of Lomeerajapaniea^ the 
petab of Calembda officinalis, and certain fungi* An unsym- 
metrical r<>rotene (73.11. 12-tetrahydrolycopene) is found in 
several photosynthetic bacteria.* 

Oumical Synthesis, tht chemical synthesis of the symmetrical 
and ussymmetrical f •carotenes has been reported.*** 
bolatioa Procedures: i'-Carotene is isolated from plant materials by 
the methods of solvent extraction, saponification, phasic separa* 
tion, and chromatography commonly used for other carotenes.' 
Methods of Purificatioa: 

Solvent Partition. f-Carotene is epiphasic on partition between 
90% aqueous methanol and petroleum ether. 

Chromatography. f-Carotene may be purified from other carot- 
enes by chromatography on 50% magnesia-Hyflo SuperceL* 
Colunms are developed with hexane, and r-carotene is eluted with 
10% ethanol in hexane. Purification of r*€arotene may also be 
efiected on a column of alumina.' The chromatogram is developed 
with hexane containing 2-5% of diethyl ether. 

Crystallization. The crysuUization of f-carotene has been 
reported.* 
Methods of Assaying for Purity: 

Chromatography, The purity of f-carotene may be determined 
by column' or thin-layer* chromatography. 

Visible Spectrum, Petroleum ether: 378, 400, and 425 nm.*''** 
Eum 2270 (400 nm}.**'-* Carbon disulfide:* 402, 424, and 452 nm. 
The unsymmetrical r-carotene (7,8,1 1,1 2-tetrahydrolycopene) in 
petroleum ether has wavelength maxima* at 374, 394.S, and 418.5 
nm. 

Infrared Spectrum. The infrared spectra for the two forms of 
carotene have been reported.^*^ 

Nuclear Magnetic Resonance.. Hie nuclear magnetic resonance 
spectra of f-carotene and its unsymmetrical isomer have been 
reported.*-* 

Mass Spectrum. The mass spectra of symmetrical and unsym- 
metrical r-carotene have been reported.**"*" 

Melting Point. A melting-point range of 38-42 has been 
reported for all-rniAr-f -carotene.*** 
Probable Impurities; Oxidation products. 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed vial), and low temperature (-20 *C).* 
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Carot«14 

Citranaxanthln 

5%6'*Dihydro-5'-apo*18'*nQr-/3-caroten-6'-one 

Formula: C:tiHMO 

FormuU Wt: 456.72 

Cal& %: C. 86.79; H, 9.71; O. 3.50 



Sources: 

Natural Sources, Qtranaxanthin is found in the ped of the 
trigeneric hybrid Sinton citrangequat} 

Chemical Synthesis, The chemical synthesis of dtranaxanthin 
from ^po<^'-carotenal (Cm) and acetone has been reported.* 
Isolation Procedures: The extraction of citranaxanthin from the peel 
of Simon citrangequat fruit, the partial purification of this com- 
pound by distribution between immiscible solvents and its com- 
plete purification by chromatography and crystallization have 
been reported.^ 
Methods of Purification: 

Chromatography. Citranaxanthin is purified by chromatogra- 
phy on a column of 1 : 1 (w/w) magnesium oxide-Hyflo SuperceL^ 

Crystallization. Citranaxanthin has been crystallized from 
petroleum etherJ 
Methods of Assaying for Purity: 

Chromatography. The purity of dtranaxanthin may be deter- 
mined by column chromatography* or by chromatography on 
thin-layer plates of silica gel G. The chromatoplates are devdoped 
with 2:3 petroleum ether-benzene. 

Visible Spectrum. Hexane: 349 and 466 nm; 410 and 2575, 
respectively. Cyclohexane: 352 and 471 nm; ^ and 2475, 
respectively. Benzene: 360 and 482 nm; E\tm 365 and 2275, 
respectively.' 

Infrared Spectrum, The infrared absorption spectrum of 
dtranaxanthin has been determined.* 

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic 
resonance spectrum of dtranaxanthin has been determined.* 

Melting Point} Qtranaxanthin mdu at 155-156 *C. 
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Ourot*15 / Carot-16 



Oocetin / Crocetin Diethyl Ester 



Derivatives} OtmBaxanthin f rim an oxime that melu at 
196- WC 

Ptobable Impurities: Oxidation products and cu^isomers. 
Cooditioiis of Storage: Darkness (br wn vial), inert atmosphere 
(sealed ampoule), and low temperature (0 "C). 
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CaroMS 
Crocetin 

8,8'-Diapocardtene-8y8'-dioic Add 

Formula: CidHm04 

Formula Wt: 328.41 

Calc %: C 73.13; H, 7.37; 0, 19.51 




Natural Sources. Crocetin (unesterified) is present in trace 
amounts in some plant spedes. Most of this compound is found as 
digentiobiose ester (crodnV~* Crocetin has been isolated as the 
dimethyl ester; this compound is formed through the action of 
dihite sodium hydroxide in methane^ on an extract of saffron. 
Crocus sativus,* Crodn is also found in Cedrela toona, Nyetamhes 
arbor^tristiSf and Verbascum phiomoUks petals and in the fruit of 
Gardenia graru&fiora} 

Chemicai SynUmsis. The total synthesis of all>/mnf<rocedn 
.dimethyl ester has been reported.**' 
MMfaods of Purification: Crocedn from saffron* and from the peuls 
f Crocus iuteus^* man from saffron,* and crocetin dimethyl ester 
from saffron>* are purified largdy by chromatography followed by 
crystellization, usually as the dimethyl ester. 
Methods of Assaying for Purify: 

Chromatogra^y, Crocetin dimethyl ester nuy be assayed for 
purity by column chromatography." 

Derivatives. Mono> and dimethyl esters of crocetin, perhydro- 
crocetin and its dimethyl ester and diamide, dihydrocrocetin and 
its dimethyl ester, and aocetin tetrabromide have been prepared.* 

Visible Spectrum} Crocetin, in carbon disulfide: 426, 453, and 
482 nm; pyridine: 411, 436, and 464 nm; chloroform: 434.5 and 
463 nm; petroleum ether (b.p. 40-60 *Q: 424.5 and 450.5 nm; 
hexane: 400, 420, and 444.5 nm. Crocetin dimethyl ester- 
pettoleum ether (b.p. 40-60 *Q: 422 and 448 nm;* 422 and 450 
nm;' 420 and 444.5 nm.^ £!» values are given as follows: 
Crocetin dimethyl ester in petroleum ether, 4750 at 448 nm; in 
etbanol,* 5000 at 425 nm. 

infrared Spectrum. The infrared spectrum of crocetin dimethyl 
ester has been reported.^**^ 

Mass Spearum. The mass spectrum of crocetindial has been 
r^Kxrted.'* 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectra of crocetin dimethyl ester and crocetindial have been 
reported.^* 

MeltingPoint. The following mdting points have been reported: 
crocetin, 285 *C; and crocetin dimethyl ester,'* 223 



Probable Impurity: Picrocrodn, a colorless glycoside dosdy related 
t crocin. 

Conditions of Storage: Darkness (br wn vial), inert atmosphere 
(sealed ampoule), and 1 w temperature (—20 ""Q. 
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Carot*16 

Crocetin Diethyl Ester 

Diethyl 8,8^Diapocarotene.8,8^dioate 

Foranila: CmHi^4 

Formula Wt: 384.52 

Calc. %: C, 74.97; H, 8.39; 0, 16.64 




Smvces: 

* Natural Sources, Crocetin is present as the digentiobiose ester 
(crocin) in saflFrcn {Crocus sativus) flowers.*-* 

Chemicai Synthesis. The chemical synthesis of crocetin diethyl 
ester has been reported.*** 
Isohition Procedures:' Crocin and crocetin are normally extracted 
from dried saffron flowers with ethanol after a pre-extraction of 
the flowers with ether. Crocin is obtained by crystallization from 
the alcoholic extract by the addition of ether. Crystalline crocetin 
may be obtained by addition of ether to an alcoholic extract f 
saffron flowers after prior saponification and acidification. 
Methods of Purificatioa: 

Chromatography. Crocetin diethyl ester may be purified by 
chromatography on a column of silica gel G.^ 

Crystallization. Crocetin diethyl ester has been crystallized 
from benzene.* 
Methods of Assaying for Purity: 

Chromatography. The purity of crocetin diethyl ester may be 
determined by chromatography on a column or thin-layer plate f 
silica gel G. Dichloromethane is the solvent used in these separa- 
tions.* 

Visible Spectrum. Petroleum ether: 400, 422, and 450 nm. 
£i w 2340, 3820, and 3850, respectively.* Cyclohexane: 402, 425, 
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Cryptoxanthin / 2,2'-Diketospirinoxaiithiii 



and 452 nm. J^}» 2190» 3590» and 3640, respectively. Benzene: 
411, 435. and 462 nm. 1970, 3U0, and 3000, respectively. 
Cbl rof rm: 412. 434, and 462 nm. £lL 2190, 3365, and 3200, 
respectively.* 

Melting Poinu Melting points of 218-219 and 216-218 

have been reported* for crocetin diethyl ester. 
Probable Impurities: Oxidation products and ci^-isomers. 
CooditioBs of Storage: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (0 ''Q. 
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Carot*17 
Qyptoxanthin 
(3K)/3,/3-Caroten-3-ol 
(^^^Eu-oten-d-ol) 

Formula: CmHuO 

FomuU Wt: 55Z89 

Oa& %i C 86.90; H, 10.21; O, Z89 



Natural Sources. Cryptoxanthin may be isolated from maize 
seeds' or calyces of Physalis alkekengL* It also occurs in some 
fruits* and in milk and butler.^ The absolute configuration of 
cryptoxanthin has been established^ ' as 3lt 

Chemical Synthesis, The synthesis of cryptoxanthin has been 
reported,'*^ 

boiation Procedures: The extraction, chromatography, and crystal* 

foation of cryptoxanthin have been reported.***^* 
Methods of Puriftcatioa: 

Ckwnuuogniphy, Cryptoxanthin may be purified by chroma- 
tography on magnesia, calcium carbonate, or deactivated alumina, 
Elbanol in ethyl ether is used to develop the column.* 

Crystallization, Oyptoxanthin may be crystallized from a mix- 
ture of chloroform and ethanol**^ 
Methods of Assaying for Purity: 

Chromatography, Purity of the compound may be determined 
by column chromatography on magnesia* or by chromatography 
on kieselgubr paper." 

Solvent Partition, The partition ratio between hexane and 90% 
methanol is 87:3." 

Visible Spectrum, Petroleum ether' (b.p. 40-60 'Q: 452 and 480 
nm. £j« 2370 and 2080. Ethanol: 451.5 and 478 nm. E\l^ 2460 
and 2165. Hexane: 450 and 478 nm. 2460 at 450 nm. 



Infrared Spectrum, The infrared spectrum of cryptoxanthin hil!s 
been reported.^ 

Optical Rotatory Dispersion, The optical r tatory dispersion 
curve of cryptoxanthin has been reported.* 

Melting Point, Melting poinu of 165-169 '*C» and 158-160 
have been reported. 
Probable Impurities: Oxidation products and cu-isomers. 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), low temperature (-20 •€). 
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CaroMS 

2;2'-Diketospirilloxanthin 

l,l'.Dimethoxy-3,4,3',4'.tetrahydro-lAl',2'-tetrahydro. 
^y^€arotene-2,2'-dione 

Formula; CuHmOi 

Formula Wt.: 624.91 

Qd(L %: C, 80.73; H, 9.03; 0. ia24 

0 



Sources: 

Natural Sources, 2,2'-piketospirilloxanthin has been isolated 
from Rhodopseudomonas spheroides^ and Rhodopseudomonas 
gelaiinosa}** 

Chemical Symhesis, The chemical synthesis of 2,2'-diketospiril- 
loxanthin has been reported.*-* 
Isolation Procedures: 2,2'-DiketospiriIloxanthin is extracted from 
Rhodopseudomonas species with acetone, the material is saponified 
(after removal of acetone), and the nonsaponifiable compounds 
are transferred to a ben2ene-*petroleum ether mixture.^*^ 
Methods of PurificatioQ: 

Chromatography, 2,2'-DiketospiriUoxanthin is purified by 
chromatography on a column of partially deactivated, neutral 
aluminum oxide.* 

Crystallization, 2,2'-Diketo5pirilIoxanthin has been cry$talli2ed 
from acetone-petroleum ether.* 
Methods of Assaying for Purity: 

Chromatography, The purity of 2,2'-diketospirilloxanthin may 
be determined by chromatography on filter paper containing a 
kieselguhr filler, by thin*layer chromatography on silica gel G 
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EcMnenone / Farnesyl Pyrophosphate 



4t 

Caro(*19 / Csrot-IO 



plates, r by chromatography on a column of partially deacti* 
vated, neutral aluminum xtde.* 

Solvent Partition,^ The partition ratio between petroleum ether 
and 95% methanol is 41 :9. 

Vislbie Spectrum, Fetr leum ether:* 487.5. 518, and 555 nm. 
Hexane: 349, 422, 488, 516, and 551 nm. £iL 550, 820. 2125, 
2725, and 2150, respectively. Cyclohexane: 352. 432, 495, 523, and 
560 nm. £1'^ 570, 800. 2055. 2580. and 2025, respectively. Ben- 
zene: 361 . 539, and 576 nm. £{ « 550, 2365,and 1822.respectively. 
Carbon disulfide:^ 530, 561, and 603 nm. 

Infrared Spectrum. The infrared spectrum of 2,2'-diketospiril- 
loxanthin has been determined.* 

Nuclear Magnetic Resonance. The nuclear magnedc resonance 
spectrum of 2,2'-diketospirilloxanthin has been determined.' 

Mass ' Speetrunu The mass spectnxm of 2,2'-diketospiril- 
1 xanthin has been published.* 

Melting Point, A melting point of 222 *C has been reported for 
naUiraUy occurring 2,2'-diketospirilloxanthin, and of 225-227 *C 
f r the synthetic compound.* 
PtobaUe Impurities: Oxidation products and cu-isomers. 
Conditions of Storage: Daricness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 ""CX 
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Carot-19 

Ecfainenone 

^»/3-Caroten-4-one 

O-Carbten-4-one) 

ForaiitIa:CioHMO 

Formula Wt: 550.88 

Calc %: C, 87.21 ; H, 9.88; 0, 190 




Natural Sources. Echinenone is found in echinoideae,*** in 
Crustacea,* and in blue-green algae.* 

Chemical Synthesis, Echinenone is prepared synthetically from 
/9-apo-8'-carotenal (Carot-2).«« 
Methods of Purification : Echinenone is purified by column chroma- 
tography on partiaUy deactivated alumina or magnesia.'** Fur- 
ther purification is achieved through crystallization. 
Methods of Assaying for Purity: 

Chromatography. The purity of echinenone may be determined 
by chromatography on partiaUy deactivated alumina or mag- 
nesia,^*' or by chromatography on a thin layer of silica gel C with 
4:1 cyclohexane-ethyl ether as the developing solvent. 

Visible Spectrum, The principal maximum is found at 472 nm 
(benzene), 461 nm (cyclohexane), and 458 nm (petroleum ether. 



b.p. 80-105 ''Q. The eI^ values are 2040, 21 10, and 2160, respec- 
tively. Treatment of echinenone with sodium borohydride causes 
a shift in the absorption maximum (in ethan 1) fr m 470 nm t 
423, 451, and 478 nm. 

Mass Spectrum. The mass spectrum of echinenone has been re* 
p rted,»-» 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectrum of echinenone has been reported.* 

Melting Point. A melting point of 178-179 *C has been re- 
ported.* 

Probable Impurities: Oxidation products and traces of c£i-isomers. 
Conditions of Storage: Darkness (brown vialX inert atmosphere 
"(sealed ampoule), and low temperature (—20 *€). 

Rcf( 
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Carot-20 

Farnesyl Pyrophosphate 

Fonnula: CiiHtfOiPt 
Fonnula Wt : 382.34 

Ode %: C, 47.13; H, 7.38; 0, 29.29; P, 16.20 



0 0 

II tl 



^ ^ OH OH 

Sources: 

Natural Sources, Farnesyl pyrophosphate does not normally 
accumulate in significant quantity in biological materials. How- 
ever, this compound has been synthesized cnzymically from 
mevalonic add^ and from isopentenyl and dimethylallyl pyro> 
phosphates.*** 

Chemical Synthesis, The chemical synthesis of farnesyl pyro- 
phosphate is effected through the pyrophosphorylation of fame- 
soL*^ 
Methods of Purification: 

Derivative Formation, Chemical synthesis yields a mixture of 
farnesyl phosphate and farnesyl pyrophosphate. These com- 
pounds can be selectively crystallized by treatment of an aqueous 
solution of the mixture with cyclohexylamine followed by lithium 
chloride.*'* The products are the dicyclohexylammonium salt of 
farnesyl phosphate and the lithium salt of farnesyl pyrophos- 
phate. The water-insoluble lithium salt can be converted into the 
ammonium salt by passage* through a column of Dowex-30 ion- 
exchange resin. 

Chromatography, Farnesyl pyrophosphate may be purified^ by 
chromatography on Whatman No. 3 MM paper in a system of 
(40: 20: 1 : 39) (v/v) isopropyl alcohol-isobutyl alcohol-amm nia- 
water. An R, value of 0.87 is obtained. The presence of phosphate 
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Geraniol 

Methods of Assajrtag for ^^'^^ for U»c «letermina- 

^^nrS rS^for the purity of fan«yl 
tion of phosphate arc usee i »>"7 

pyr phosphate.^ ^rf^y of farnesyl pyrophosphate n«yte 
Chromatography. The P?";^ ^ chromatography. Farne- 
detemuned by paper^' ^y-^^^^'jf ueatment with 1 M HCL 
syl pyrophosphate ^ pe^oleum ether, and 

The produrt <""?»"?f j^^ography-' " Farnesyl pyropho*. 
assayed by ^^l^bTSSafaUcatoe Phospha.«c o. 
phate may ""^.^^Ihe liberated famesol is extracted mto 
j^venom diestw«^TM ^j^^^d chromatography.'*" 
petroleum ether and aaayed «>y g« ^ . i^j,te may be 
•*£«ymfc ^-^Zl^A fJ^r cnzyL system.'-- a 
eonverted into "^^^^^X-tJ' "^"^^ " "tl 

Sr^SriSSScture with petroleum ether, and 

B.«.,«wl Bvroohosphate is stored as the 

oUttons of S«o«?'/"J^l,52^per»t«re(0-Q. 
Uthium or ammomum saU at low iemp» 



J. J. K. Dorw^. A. "2^^- cto*. 71. 175 (W59). o«,a„„„,. 
T Q poBi»k.J.W.Comr<»m».R-"-"™ 
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"v . with lithium aluminum hydride." U has als 

of methyl geranate w.thU*« ^^^^ 6-methyl-5- 

this is converted into geramol." 

Methods of P*«»*!**"'' . technioues of countercurrent distribu- 
.truSKS^^orh^beenusedf rtheisolaU n 

of geraniol ^om^'Ti'S/ly be purified by ascending paper 
Chromatography. Gt^^y ciomatography on plates of 
chromatogmphy" or by Am tey«^ ^ 

kieselguhr G. with >30.TO-« „ may also be used as 

solvent system;" chro- 
a «,lvent system." J^i^^crrS^rf^^^ ^0 M 

matography on a »»f "^J^^^other gas^quid ^ 
(107.) on Chromosorb ^ "^U" 
matographic systems have been used. 
Methods of Assaying for PtolJJ ^ of paper. 

Chromatography. Tat . „ w- u~d t assay 

thtalyer. and gas-Uqmd chromatography may be useo 

for the purity of geramoL ^ ajgayed for purity 

X>«,iw«ve,. Geramol may te idarttfM. MO 

•^W,„W./er spectrum. The ultraviolet absorption maximum. « 

lepWed.** _ _,^w magnetic resonance 

NmJtar Magnetic Resonance. The nudear magn 

l)een reported.* ^ 
'«^'^' ,c „ Geraniol should be stored in fuU.tightty 



Carot-21 

Geraniol ,v 
(3.7.Dimethyl.2,6^dicii-l-ol) 

Formula: CioHmO 

FonnuU Wt: 154.24 , ^ ,„ « 
Sr%:C. 77.87; H. 11.76; 0. 10.37 



-OH 



r eraniol is a constituent of many essential 
ttamd Sources. " ' . _i„ger grass.* geramum.' and 

oils, such as palmarosa.' auonefla. J-J ^ „hoenanthus, 

^otros^'li^^'^rAnt^phZ caLnba,^ Artemisia 
^S^5SS!G"-era„iolhasbeensynthesi«dbyreducUon 
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Cant-22 / Carot-23 ^ 



Geranyl Pyrophosphate / GeranylgeraAyJ Pyrophosphate 
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Enzymic Assay, A mixture of geranyi pyrophosphate plus iso- 
pentenyl pyrophosphate is converted into famesyl pyrophosphate 
by farnesyl pyrophosphate synthetase.*-* The product of the reac- 
tion is treated with 1 M HCl or alkaline phosphatase, as men- 
tioned, and the liberated terpenols are extracted Mvith petroleum 
ether and assayed by gas-liquid chromatography.' 
Probable Impuritjr: Geranyl phosphate. 

Conditions of Storage: Geranyl pyrophospate is stored as the lithium 
or ammonium salt at low temperature (0 *Q. 

Refcrcncea 
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Carot-22 

Geranyl Pyrophosphate 

Formula: CioHioOiPi 
FomuiUWt: 314.22 

Calfc %: C 38,23; H, 6.42; 0, 33.64; P, \9J\ 
Soorccss 

Natural Sources. Geranyl pyrophosphate does not normally 
accumulate in significant quantity in biological materiaL Neither 
has an enzymic synthesis of geranyl pyrophosphate been devel- 
oped that would result in the synthesis of an appreciable quantity 
of this compound. 

Chemical Synthesis. The chemical synthesis of geranyl pyro- 
phosphate is effected through the pyrophosphorylation of 
geranioU 
Methods of Puriflcatioo: 

Derivative Formation, Chemical synthesis yields a mixture of 
geranyi phosphate and geranyl pyrophosphate. These compounds 
can be selectively crystallized by treatment of an aqueous mixture 
with cyclohexylamine followed by lithium chloride.^ The products 
are geranyl phosphate dicydohexylammonium salt and the 
lithium salt of geranyl pyrophosphate. The water-insoluble 
lithium salt can be converted into the ammonium salt by passage* 
through Dowex*50 ion-exchange resin. 

Chromatography, Geranyl pyrophosphate may be purified by 
paper chromatography on Whatman No. 3 MM paper in a sys- 
tem of 40:20:1:39 (v/v) isopropyl alcohol-4sobutyl alcohol- 
ammonia-water,^* An Rt value of a77-0.82 is obtained. The 
presence of phosphate at this Rt may be shown by spraying with 
the Rosenberg reagent^ 
Methods of Assaying for Purity: 

Phosphate Determination, Standard assays for the determina- 
tion of phosphate are used to assay for the purity of geranyl pyro- 
phosphate.* 

Chromatography. The piuity of geranyl pyrophosphate may be 
determined by paper chromatography.'** Geranyl pyrophosphate 
may be cleaved with add, or with bacterial alkaline phosphatase, 
or snake-venom diesterase.*>* The resultant h'nalool or geraniol is 
extracted with petroleum ether, and assayed by gas-liquid chro- 
matography.* 



Carot-23 

Geranylgeranyl Pyrophosphate 



Formula: CuHuOrPt 
Formula Wt: 450.40 

Calc %: C, 53.34; H, 8.04; 0, 24.87; P. 13.73 




Naiund Sotarces, Geranylgeranyl pyrophosphate does not nor- 
mally accumulate in significant quantity in biological materiaL 
However, this compound is synthesized from mevalonate by a 
homogenate of the endosperm of immature, wild cucumber 
seeds.^ 

Chemicai Synthesis, The synthesis of geranylgeranyl pyrophos* 
phate by pyrophosphorylation of geranylgeraniol has been re- 
ported.* 

Methods of Puriflcation: 

Chromatography. Geranylgeranyl pyrophosphate may be puri- 
fied by countercurrent distribution between the two phases of 
15:5:1:19 (v/v) butyl alcohol-isopropyl ether-ammonia-water.* 
Geranylgeranyl pyrophosphate may be further purified by chro- 
matography on DEAE-cellulose. A linear gradient of 0.02 M potas- 
sium chloride in 1 mM tris bufier (pH 8.9) is used.* 

Methods of Assaying for Purity: 

Phosphate Determination, Geranylgeranyl pyrophosphate is 
treated* with 1 M HQ for 13 min at 100 ""C. The liberated phos- 
phate (2 mol/mol of geranylgeranyl pyrophosphate) is then 
determined by assay.* 

Chromatography, Geranylgeranyl pyrophosphate may be as- 
sayed for purity by chromatography on DEAE-cellulose.>>« It may 
also be cleaved by treatment with I M HCL The geranylh'nalool 
and geranylgeraniol released are extracted into benzene, and then 
assayed by thin-layer chromatography on silica gel G plates in a 
solvent system of 9:1 (v/v) benzene-ethyl acetate.* Geranyl- 
geranyl pyrophosphate may also be cleaved by treatment with 
bacterial alkaline phosphatase. The liberated geranylgeraniol is 
extracted into petroleum ether, and assayed by gas-liquid chro- 
mat graphy.* 
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Isopentenyk Pyrophosphate / Lutein 



Enzymie Assay, Gerenylgeranyl pyrophosphate is enzymically 
coaverted into Icaurene by a cell-free extraa of Echinocystls mac* 
Toearpa^ Kaurene is extracted int acetone, and then assayed by 
thin-iayer chroihat graphy. Geranyigeranyl pyrophosphate ia 
eaiycnicaUy converted int phytoene by an enzyme system ob- 
tained from tomato fruit plastids.* 

Frobal^ Imparities: Geranyigeranyl phosphate and c^^i$omers of 
geranytgeranyl pyr phosphate. 

Cbnditiotts of Storage: Geranyigeranyl pyrophosphate is stored as 
a dry powder at low temperature (0 ^Q. 
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Carot-24 

bopentenyl Pyrophosphate 
(3*Methyl-3*buten-l-yl Pyrophosphate) 

Pommla: C^HisOPt 
FormuU Wt: 24409 

Calc. %: C 24.41; H, 4.91; 0. 45.51; P» 25.17 

OH 6h 

Sourees: Synthesis of isopentenyi pyrophosphate is eirected^~* 
through pyrophosphoryUtion of 3*methyl*3*buten-l-oL Also» 
isopentenyi pyrophosphate may be synthesized enzymicaUy from 
mevalonic add.^* 

Methods of PiiriflcatioQ: 

Derivative Formation, Isopentenyi pyrophosphate is converted 
into the monocyclohexyiammonium salt by passage through a 
column of Dowiex*50 <cyclohexylammontum form) ion-exchange 
resin.^ Isopentenyi pyrophosphate may also be converted into the 
lithium salt* 

hrt'Exchange Chromatography. Dowex-1 (formate form) is 
used to purify isopentenyi pyrophosphate.^^ Formic add and am- 
monium formate are used as eluants. Isopentenyi pyrophosphate 
may also be purified by chromatography on a cohimn of oeae- 
cellulose.' 

Paper Chromatography. Isopentenyi pyrophosphate has an Ri 
value of 0.60 when chromatographed on paper (Whatman No. 1) 
in a system of 20:5:8 (v/v) /err-butyl alcohol-formic add-water.* 
An Ri value of 0.48 is found in 6: 3 : 1 (v/v) 1-propanol-ammonia- 
water,* 

Methods of Assaying for Purity : 

Phosphate Oetermimtion. A standard assay may be used for 
the determination of phosphate.* 

Chromatography, Isopentenyi pyrophosphate may be assayed 
for purity by paper* or ion-exchange chromatography.*** The 
Rosenberg color reagent (for phosphate) is used to detect iso- 
pentenyi pyrophosphate on paper.' 

Emymic Assay, Radioactive isopentenyi pyrophosphate is eon- 
verted into dimethylallyl pyrophosphate by isopentenyi pyro- 



phosphate isomerase.* After addification of the incubadon npx- 
ture» this produa is extracted into petroleum ether, and the ex« 
tract is assayed for radioactivity. Isopentenyi pyrophosphate may 
also be cleaved by bacterial alkaline phosphatase or by snake- 
venom diesterase. The liberated alcohol may then be assayed by 
gas-liquid chromatography.* 

Melting Points The tricydohexylammonium salt mdts at 145- 
147 ^C. 

Infrared Spectrum, The infrared specurum of the cyclohexylam- 
mbnium salt of isopentenyi pyrophosphate has been reported* 
Conditions of Storage: Store as the tricydohexylammonium or the 
lithium salt 
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Carot-25 
Lutein 

(3R,3'S,6'JR)-i3»€-Carotene-3,3'-diol 
(Xanthophyll; a-Carotene-3y3'-diol) 



Fomttla: CoHhQi 

Formula Wt: 558,89 

OUe. %: C, 84.45; H. 9.92; 0, 5,63 




Natural Sources, Lutein is a major constituent of the xantho* 
phyll fraction of many plants. It is present in appreciable propor- 
tions in green leaves/ * red and yellow flowers (partly as the dipal- 
mitate, helenien),* and in egg yoUt^ 

Chemical Synthesis, The synthesis of this compound has not 
yet been reported. 
Isolation Procedures: The extraction^ chromatography, and crystal- 
lization of lutein have been reported.'"^ 
Methods of PuriRcatioo: 

Chromatography. Lutein may be purified by chromatography 
on a column of magnesia or calcium hydroxide.*^* 

Crystallization. A solvent pair frequently used for the crystal- 
lization of lutein is carbon disuUide-ethanoL** 

Derivative Formation, The dipalmitate (helenien), other esters, 
ethers, and the ketone and perhydro derivatives, have been re* 
ported."'* 
Methods of Assaying for Purity: 

Chromatography. The purity of lutein may be determined by 
chromatography on magnesia or caldum hydroxide^* or on 
kteselguhr paper.* 

VisiMe Spectrum. Ethanol: 423, 446.5, and 477.5 nm. 
values 1750, 2560, and 2340, respectively. Spectral curve.' 

Mass Spectrum* The mass spectrum of hitem has been re- 
ported.^" 
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Carot-26 

fiueiear Magnetic Resonance. Tlic nuckar magneac resonance 
spectrum of lutdn has been reported."-** 

Opticai Rotatory Dispersion. The ptical rotatory dispersion 
curve of lutein has been reported." 

Melting Points Lutein melts at 151 'C. 

Optical Rotation, [a^ +16Cf (chloroform) has been reported.* 
Probable Impurities: Oxidation products, cii-isomers, and possibly 

zeaxanthin. . 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (-20 'Q. 
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Carot-26 
Lycopene 
^^^•Carotene 

Formula: CoHm 
Fonmila Wt: 536.89 
Calc. %:C, 89.48; H, 10.52 



14' K 



10* 8' $• i t 




Natural Sources. Tomato> > and various other fruits and vegc- 
Uibles, animals,*"* and photosynthetic bacteria.* 
Chemical Synthesis. The total synthesis of lycopene has been 

reported.*-" u u 

Isolation Procedures: The isolation of lycopene has been de- 

scribed.>-^»» 
Methods of Purification : 

Chromatography. Column chromatography of the nonsapom- 
fiable fraction is normaUy employed. The adsorbents most com- 
monly used are deactivated alumina, calcium carbonate, calcium 
hydroxide, or magnesium oxide.*-" 

Crystaiiization. Lycopene may be crystaUizcd from the foUow- 
ing solvent pairs:* carbon disulfide-methanol; ethyl ether-petro- 
leum ether; acetone-petroleum ether. Lycopene is almost insolu- 
ble in methanol, moderately soluble in petroleum ether, benzene, 
or chloroform, and very soluble in carbon disulfide. 
Methods of Assaying for Purity: 

Chromatography. The purity of the compound may be deter- 
mined by chromatography on circular filter paper having a suit- 
able filler,**-" thin-layer chromatography." or column chroma- 
tography.* 



Lycopene 



Solvent Partition.^* The partition rati between petr Icum ether 
and 95% methanol is 100:0. 

Visibie Spectrum. Petroleum ether (b.p. 40-60 "Q: 446. 472, 
and 505 nm. 2250, 3450. and 3150, respectively. Spectral 
curvc*'''^* Benzene:* 455, 487, and 522 nnx. Isomcrization with 
iodine results in "c/j-peak*' absorption at 345 nm (minor peak) 
and 362 nm in petroleum ether." 

Infrared Spectrum. Infrared absorption spectra in chloroform 
and carbon disulfide have been reported.' The spectrum in a po- 
tassium bromide pellet has also been reported," 

Nuclear Magnetic Resonance Spectrum. The nuclear magncUc 
resonance spectrum has been reported." 

Mass Spectrum. The mass spectrum of lycopene has been re- 
ported."" _ . . 

Melting Point. Lycopene melts at 172-173 X m an evacuated 

ti 

Probable Impurities: Oxidation products and cij-isomers; smau 
proportions of related carotenes (neurosporene and hydroxylated 
carotenes) may also be present when lycopene is isolated from 
natural sources. 

Conditions of Storage: Darkness (brown vial), inert aunosphere 
(sealed ampoule), and a low temperature (-20 'Q. 
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I^ooxanthln / Mevalonic Add 



Car t-27 9. C R. BnzeU. O. W. FrmocU and S. Uaaen-Jeoiea. Acta Chtnu Scmd^ 23. 727 

(19®). 

Lycoxanthin 

^,^-Caroten«16-ol 

(Lycopen-16-oI) 



Formula: CftHidO 

Fonsula Wt: 55Z90 

Calc %: Q 86.90; H, 10.21; 0» 2.89 




Lycoxanthin, previously thought to be lycopen-3-ol,^ has recently 

been chaiactcmed as lycopen-16-oL*>* 
Sources* 

Natural Sources, Lycoxanthin is found in fruits of Soianum did' 
comara^ Solanum esctdentumy'* and Tomus communis,* 

Chemical Synthesis, The chemical synthesis of lycoxanthin has 
been reported.* 

Isolation Procedures: Lycoxanthin may be extracted from berries or 
' fntit with ether, after dehydration of the tissues with ethanoL* The 
pigments of the extract are then uansferred to benzene, and the 
lycoxanthin is purified by column chromatography. 
Methods of Purification: 

Chromatography, Lycoxanthin is purified by chromatography 
on a column of calcium carbonate, calcium hydroxide, deactt* 
vated alumina,*** or alumina. The chromatogram is developed 
with benzene* and lycoxanthin is eluted with 3:1 bennne- 
methanoL* 

Crystailization. Lycoxanthin can be crystallized from carbon 
disulfide or from a mixture of benzene and petroleum ether.* 
Melliods of Assaying for Purity: 

Vi^e Spectrum,^''* Carbon disulfide: 473, 507, and 547 nm. 
Benzene:* 456, 487, and 521 nm. Petroleum ether:' 444, 472.5, and 
503 nm. SiL 3360 at 472.5 nm. 

Infrared Spectrum. The infrared spectra of lycoxanthin and 
some of its derivatives have been reported.^* 

Nuclear Magnetic Resonance, The nuclear magnetic resonance 
spectra of lycoxanthin and lycoxanthin acetate have been re- 
ported.*-* 

Mass Spectrum, The mass spectrum of lycoxanthin has been 
reported.* 

Melting Point, Lycoxanthin has been reported to melt at 168 
^,* and, after crystallization from ethyl ether-light petroleum, at 
173-174 (uncorr.)*'* 

Derivatives.Tht acetate of lycoxanthin has been prepared.* This 
compound crystallizes from benzene-methanol and it has a melt- 
ing point of 137 ^C* The aldehyde derivative of lycoxanthin has 
also been prepared* 

Probable Impurities: Lycophyll and oxidation products. 

Conditions of Storage: Darkness (brown vial), an inert atmosphere 
(sealed ampoule), and cold temperature ( - 20 *Q. 
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Carot-28 
Mevalonic Acid 

(3»5-Dihydroxy-3-methyIpentanoic AcidD 

Formula: QHi A 

Formula ViUi 148.16 

Calc %: C, 48.63; H, 8.17; 0, 43.20 

OH 

Sources: Prepared synthetically from 4-acetoxy*2-butanone and 
etfay] bromoaoetate.*** 

Meliiods of PurificatioB: 

Derivative Formation, Synthesis yields a racemic mixture of 
ethyl 5-acetoxy«3-hydroxy''3-methylpetttanoate.> This product is 
bydrolyzed to a mixture of (d:)-mevaIonic add and (d:)-nMva- 
lono*l>lactone. The lactone may then be isolated by short-path 
distillation, and crystallized from acetone-«ther.> It may also be 
converted into a benzhydrylamide derivative.* The ^,^'-dibenzyI* 
etfaylenediammonium (dbed) salt of mevalonic acid may also be 
prepared and crystallized.^'* Only the natural (+) optical isomer 
of mevalonic add is biologically aaive.^ The biologically active 
isomer of mevalonolactone has the (/iH~~) ccmfiguration.* 

Methods of Assaying for Purity: 

Bioassay. Mevalonic add and mevalonolactone may be deter- 
mined quantitatively by microbiological assay with Lactobacillus 
acidophdus ATCC 4963.* 

Entymic Assay, Mevalonic acid may be determined quantita- 
tively by spectrophotometric assay in a system in which mevalonic 
add is converted into phosphomevalonic acid with mevalonic 
add kinase' 

Hydroxamate Assay. Mevalonolactone may be converted into 
the hydroxamate, and the quantity of this compound may be 
determined spectrophotometrically.* 

Chromatography. Mevalonic add may be chromatographed on 
paper or on a Dowex-1 (formate) column.* These methods are 
particulariy useful if the mevalonic acid is radioactive. Mevalonte 
add may also be assayed (as the lactone) by gas-liquid chro- 
matography.^* 

Melting Point, Mevalonolactone 27-28 'C; dbed salt* 124~I25 
^C; beozhydiylamide derivative 93*-95 ^'C 

Infrared Spectra, Strong bands are observed at 190>-2.95 tan 
(hydroxyl function) and at 5.78 tan (ester function), for mevalono- 
lactone in chloroform.* 
Conditions of Storage: As the dbed salt, or as the lactone, in a sealed 
container in a refrigerator. 
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Cazvl'79 I Carot-30 

a. H. J. ^f -f't'- 'Itiil i. W-m. A *«. CHm.. 234. 

9. K. Bloch, S. Chaykin. A. H. nuup*. «» **• 

2595 (1959). . Btockmu. 15, 509 (I96«). 

la R. B. OuchhaUand J. W. Porter. Aim. anaiwnu. 



Car t.29 

Mevalonic Acid S-Phosphate ^ . ph—wc) 
(3^.Dihydroxy.3.methylpentanoic Acid 5-Phasphate) 



Fomula: CfHuOrP 
Fommla Wt: 228.14 
Cale. %: C, 31.59; H. 5.72; 
0. 49.09; P. 13-58 



Mendonic Add S-Phospliate / Mwalonk Add S-Pyropbosptate 



HoXo-CHfCtvi-CVVCOjH 

Ih Ah 



S!«of mevalonic acid is converted into the phosphate. 
""^"S^ion. Mevalonic acid phosphate is coj^ 

fected hy paperxhromatoBraphy « ' o/iTb 

«obutyric my shown by 

obtained. The presence of phosphate at inis ni ""j 

spraying with Rosenberg's reagent* 

XriSLS standard assay n>ay be used for the 

''Sl'^^ 'Sradd phosphate n>ay be assayed e^ 
«S tlS co^on into mevalonic acid moptosptate 
S^oSlISonic kinase. A sp«:ttophotometnc method ha. 

be detennined by paper chromatography^ 



RtftftMt. _ ^ „ - ,,,, p M RoblBMO. p. B. Witwieh. I. W, 

H„<r. J. 1. OUfflUn. »d H. R. i JTlt CO.. B««on 

X C ?V^a»d P. WoW, Blockeminry. 2. 1254 (1963). 

5. K- Btoch. S. ChiyUn, A. H. PWIUi». and A. de wmio. ^. 
(1959). 



Carot.30 

Mevalonic Acid S-Pyrophosphate 
!^Drydroxy-3-methylpentanoic Acid 5-Pyrophosphate) 

Formula: CtHiAPt 
Fomula Wt.: 308.13 

SI! %: C. 23.38; H. 4.58; 0. 51.93; P. 20.11 

0 0 • 
Hoi-O-P-O-CVCHj-l-CHj-COgH 

j)H L OH 

^^mrd Sources. Mevalonic acid S-pyrophosphate do« not 
iioiunu . , animal tissue. However, this 

So'lSkSifTSS^of *iseompound from mevalomc 
S^t meSS Iddl-phosphate by partiaUy purifi^enzymes 
?^mvrst> » pig liver.' and rat Uver' has been reported. 
'TJS The Chemical ^thesis of mevalomc acd 

JS''SS^^^"^^e^?"SuT2^ture is depro^cinized 
^P^ipiU^ted Protd^^^^ 
water. The supernatant sduUon is then subjectefl to cnroii» 

tography. 

purified by ion^xchange chromatography on Dowa-1 formate- 
SToEAE^ellulose^ or by paper chromatography.'-^' 
Methods of Assaying for Purltys ^w^. be used to assay 

.r;f^pSf^drJ^^«e^^^^^^^^^ 

CoS« of Storage: As a dry powder, or in a sHghUy^^Une. 
^Iq^eJus solution (pH 7-9) at a low temperature (-20 Q. 

B. M. MO-n. F. ^ «• « 

J. R. E. !>»».». '^Kc^^SrtT/.. ICS. HP (»96«). 

10. O. R. B»rtteU. J. Bhl. Chem.. 234. 466 (195»). 
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Nerolidol / Netirosporene 



Carot-31 
Nerolidol 

(3»7»ll*TrimethyM,6»10-dodecatrien-3-ol) 

Formula: CiiHwO 

Fonnula Wt: 22137 

Calc %: C, 81.02; H, 11.78; O; 7.20 




SouTtts: 

Natural Sources. Nerolidol is obtained fromcajaput»' camphor,* 
grapefruit,* lime,* neroH/ and coriander fruit oils,* orange 
blossoms,^ and Peru balsam.' Nerolidol is obtained from these 
oils by fractional distillation. 

Chemical Syrtthesis. Nerolidol has been synthesized through the 
condensation of linalool with diketene, and subsequent hydrolysis 
and reduction of the intermediate. A 96% yield of pure product 
has been reported.' It has also been synthesized by condensation 
of cydopropyl methyl ketone with the magnesium derivative of 
l-bromo43-dimethyl-3,7-nonadiene at 75 A 20% yield 
of product was repotted.* 
Nfetbods of Puriflcation: 

Chnmatagraphy. Nerolidol may be purified** by thin-layer 
ehromatography on plates of Ideselguhr O. It may also be puri- 
fied by thin-layer chromatography on a plate of silica gel that has 
been impregnated with inaeasing concentrations of silver nitrate. 
1,2-Dichloroethane-chloroform-ethyl acetate-propyi alcohol 
(10:10:1:1) is used as the solvent system.^' Thin-layer plates 
(26 X 76 mm) of silica gel, 250 tan thick, may also be used, with 
4:1 ethyl acetate-hexane." Separation and purification of 
nerolidol has been effected'**'* by gas-liquid chromatography on 
butanediol succinate (20%) on Chromosorb W. 
Methods of Assaying for Purity: 

Chromatography, The foregoing techniques of thin-layer and 
gas*liquid chromatography may be used to assay for the purity of 
nerolidol. 

Ultraviolet Spectrum. The ultraviolet absorption spectrum of 
nerolidol in cyclohexane shows a maximum at 187*192 nm.'*>** 

Infrared Spectrum. The infrared spectrum of nerolidol has been 
reported.*' 

Refractive Index. The n^ for the isomers of nerolidol are** 
dextro, 1.4898; levo, 1.4799; to., 1.4801. 

Specific notation. The [aQ for the isomers of nerolidol are 
tkxtro^* +14r; /evo,w -6.5*; dl»» -M5.5». 

Density, Hie density of nerolidol at 20 'X^ is a8778 g/ml.* 

Solubility. Nerolidol is soluble in alcohol, ether, and other 
organic solvents." 

Derivatives. The phenylurethan (m.p. 37-38 *^C, b.p. 145-146 
^Q, semicarbazone (m.p. 134-135 and acetate (b.p. 128-129 
at 1.6 mmHg) derivatives of nerolidol have been reported.^ 

Boili/jg Point.^ Nerolidol has been reported to boil at 276 *C 

Probable Impurities. c/j-Isomers and famesoL 

Conditions of Storage. Nerolidol should foe stored in tightly 
sealed containers, protected from light, in a cool place. 
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Carot-32 

Neurosporene 

7,8*Dihyilro-^,^'*€arotene 

Fonnula: C«Hu 
Foraittia Wt.: 538.91 
Calc. %: C, 89.15; H, 10.85 




Sources: 

Natural Sources. Neurosporene is widely distributed in small 
amounts in fungi,!** fruits and vegetables,'-* and photosynthetic 
bacteria.* 

Chemical Synthesis. The total synthesis of neurosporene has 
been reported.*** 

Isolation Procedures: Neurosporene is extracted from natural 
sources'*' with a solvent such as acetone, ethanol, or methanol. 
The extract is then transferred to petroleum ether, with or without 
saponification, and subjected to column chromatography. 

Methods of Purification: 

Chromatography. Neurosporene is purified by chromatography 
on 1:1 magnesium oxide-Celite,* calcium hydroxide-Celtte,' or 
alumina.* 

Methods of Assaying for Purity: 

Chromatography. Assays for the purity of neurosporene may be 
conducted by chromatography on calcium hydroxide-Celite,' 
magnesium oxtde-Celite,* or alumina.* Thin-layer chromatog* 
raphy may also be performed.* 

Visible Spectrum. Petroleum ether:* 416, 440, and 470 nm. 
^il^ 2990 at 440 nm. Hexane:* 415,438.5, and 469 nm. £l*„ 1920, 
2990, and 3010, respectively. Carbon disulfide:* 439.5, 470.5, and 
502.5 nm. 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectrum of neurosporene has been reported**** 

Mass Spectrum, The mass spectrum of neurosporene has beea 
reported.***'* 

Melting Point. A mdting point of 124 *C has been reported.* 
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Physaiieo / Pfaytoene 



Probable Impurities: Oxidation products, cii-isomers, r<afotene» 

and ci>-isomers of lycopene. 
CowUtioiis of Storage: Darkness (brown vial), inert atmosphere 

(sealed ampoule), and low temperature (-20 ^Q. 
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KijfWeS;7ec/rMm.Hexane:449and478 nm,£;x» ]410and 1255, 
respectively. Petroleum ether: 452 and 480 nm. 1335 and 
1190, respectively.* Cyciohcxane: 454 and 483 nm. 1350 and 
1 180, respectively. Benzene: 463 and 492 nm. 1250 and 1090, 
respectively. 

Melting Point. Physaiien has been reported to melt at 95-96 *C 
(corr., under vacuum),* and at 98.5-99.5 
Prc^ahle Impurities: Oxidation products, cis-xsoxnm^ and, possibly, 
zeaxanthin. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and a low temperature (0 '^Q. 
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Carot-33 
Physaiien 

(3/t,3'A)j9^-Carotene-3»3'-diolDipalmitate 
(Zeaxanthin Dipalmitate) 

Formula: CrtHiuOi 
Fonnula Wt.: 1045.73 
. Calc. %: C, 82.70; H, 1 1.18; 0, 6.12 

(X-<CH2li4CH3 

\. Sources: 

Natural Sources. Physaiien occurs in a wide variety of plant 
materials. It was first isolated from the sepals of Pkysalis alkekengi 
\ and Physalis franchetti} Since then, it has been reported to be 
present in Lycium halimifolium} Lycium barbarum,* Solanum 
hendersonii^ Aspargus officmalis^ and Hippophaes rhamnoides.^* 
Chemical Synthesis. Zeaxanthin dipalmitate has been synthe- 
sized from zeaxanthin.* The total synthesis of zeaxanthin dipalmi- 
tate has also been reported.* 
r Isolation Procedures:* The sepals ot Physalis alkekengi are exhaus- 
tively extracted with benzene. The combined extracts are concen- 
trated to a small volume, and the pigment is precipitated or 
crystallized by the addition of ethanoP or acetone.* The pigment 
- may also be purified 1^ column chromatography. 
{■ Methods of Purification: 

Chromatography, Physaiien may be purified by chromatography 
on water-deactivated aluminum oxide. Hexane-ethyl ether (19: 1) 
is used to develop the coiunm. 

CrystaUijation? Physaiien has been crystallized from benzene- 
methanol and from petroleum ether-ethanol. 
Methods of Assaying for Purity: 

Chromatography, The purity of physaiien can be determined hy 
chromatography on a column of aluminum oxide or magnesium 
i_ oxide. Chromatograms are developed with chloroform or 19:1 
* hexane^thyl ether when aluminum oxide is used and with 
dicbloromethane when magnesium oxide is the adsorbent. 



Carot-34 
Phytoene 

15-cw-7,8,ll,12,7',8MlM2'-Octahydro-^,^-carotene 
(7A7',8\ll,12,ll',12^0ctahydrolycopene) 



Fonnula: CttHf« 
Fonnula Wt.: 544.96 
Oac %:C, 88.16; H, 11.84 




Sources: 

Natural Sources. Phytoene is rather widely distributed in 
carotenoid-containing fruits and some other tissues not contain- 
ing chlorophyll. The best sources are tomato fruits,'"^ tomato 
paste,* and carrot oil.* The naturally occurring isomer has a 
central c/^configuration.* 

Chemical Synthesis, Phytoene has been synthesized from all- 
rniir>geranyUinalooI.''' 

boiation Procedures: Phytoene is extracted from plant materials 
with a solvent such as acetone, ethanol, or methanol, and then 
transferred into petroleum ether.*^ This compound is then puri- 
fied by chromatography, with or without prior treatment with 
alcoholic potassium hydroxide. 

Methods of Purification: 

Chromatography. Phytoene is purified by chromatography on a 
column of magnesia-Supercel,* or alumina.*** 

Methods of Assaying for Purity: 

Chromatography. Phytoene may be assayed for purity by 
chromatography on magnesia-Supercel,* or alumina.*** It may 
also be assayed for purity by thin-layer chromatography on silica 
gel.» 
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Phytofluene 



VUmviolet Spectrum. Hexane: 275, 285» and 297 nm.* 850 
(286 nmV- The ultraviolet spectrum of aU-/ra/u-phytoene has also 
been reported.* 

infrared Spectrum. The infrared spectrum of centrat-cu^ 
phytoene and all*invi>phytoene have been reported^**'^ 

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic 
resonance spectrum f phytoene has been reported.**'-" 

Mass Specsrwn. The mass spectrum of phytoene has been 
reported.**" 

Melting Point. Phytoene has not yet been crystallized. On 
cooling it forms a colorless glassy mass. 
Probable Impurities: Waxes and ei>-/niitj-isomers formed during 
isolatioa. 

Cbnditions of Storage: In solution in petroleum ether under m'trogen 
at a low temperature (—20 X). 
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Carot*35 
Phytofluene 

15-cis-7,8,ll,12,7'»8'-Hexahydro-i/',^-carotcne 
(7A7',8% ll',12'.Hexahydrolycopene) 



Formula: CoHm 
FonnuU Wt: ^42.94 
Olc. %:Q 88.49; Hai.51 




Nantrai Sources. Phytofluene is rather widely distributed in 
carotenoid-contatning fruit and in some other tissues not con* 
tatning cbloropbylL It is found in persimmons,* red peppers*^ 
C8irots»* tomato fruits,*'*and tomato paste.^* aU-zran^Phytofluene 
also occun naturally.' 

Chemical Synthesis. Phytofluene has been synthesized chemi- 
cafly.M 



Isolation Procedures; Phytofluene is extracted from plant materials 
with such sotvenu as acetone, ethanoi, and methanol and is then 
uansferred into petroleum ether.^*^ It is then purifled by chroma- 
tography, with or without a prior treatment with alcoholic po- 
tassium hydroxide. 
Methods of Purification: 

Chromatography. Phytofluene is purified by chromatography 
n calcium hydroxide^Iumina,*-* magnesium oxide-Supercel.^^ 
or alumina.*' all'iranr-Phytofluene is readily separated from cir- 
phytofluene on partially deactivated alumina.' 
Methods of Assaying for Purity: 

Chromatography, Phytofluene may be assayed for purity by 
chromatography on calcium hydroxide-alumina.^-^ magnesium 
oxide-Supercel,** or aluniina.** Assay may also be made by chro- 
matography on paper** or on a thin layer of silica geU* The posi- 
tion of phytofluene on a chromatographic column may be readily 
determined by its characteristic green-white fluorescence when 
exposed to ultraviolet light of long wavelength. 

Ultraviolet Spectrum. Petroleum ether.**" 331, 348, and 367 
nm. £lm 1350 at 348 nm. Benzene:" 338, 355, and 374 not The 
ultraviolet specurum of all-rraiu-phytofluene has been reported.**^ 

Infrared Spectrum. The infrared spectrum of phytofluene has 
been reported.**^' 

Nuclear Magnetic Resonance Spectrum, The nuclear magnetic 
resonance spectrum of phytofluene has been reported.^" 

Mass Spectrum. The mass spectrum of phytofluene has been 
published.**-" 

Melting Point. Phytofluene has not been crystallized. On cool- 
ing, phytofluene forms a glassy mass lacking crystalline structure. 
Probable Impurities: Phytoene, rrani^phytofluene, and oxidati n 
productx 

Conditions of Storage: In solution in petroleum ether under nitrogen 
at a low temperature (-20 "Q. 
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Cvot*^ / Carot-^ ^ 



Prolycopene / Proneurosporene 



Carot-36 
Prolycopene 

FonmiU: CoHm 
PonnuUWt: 536.90 
Cftlfc %:C. 89.49; H, 10.51 

Prolycopene is a poly-c«-lycopenc of unknown stereochemical con- 
figuration. However, the suggestion has been made that it may be a 
symmetrical penta-c/j-lycopene containing a central cis* and four 
other, unhindered* cu-double bonds.* 
Sources: 

Natural Sources. Prolycopene is found in small amounts in 
various fruits and flowers.* However, the best source of this pig- 
. ment is the ripe fruit of the "tangerine** or "golden jubilee*' type 
oftomata*^ 

Chemical Synthesis. The chemical synthesis of prolycopene has 
not yet been reported. 
Isolatioo Procedures Plant tissue is extracted with a solvent such 
as acetone, methanol, or ethanol and the carotenes are then trans- 
ferred into petroleum ether. Prolycopene in this extraa is then 
purified by chromatography, either with or without prior sapont* 
ilcation with alcoholic potassium hydroxide. 
Methods of Puriflcation: 

Chromatography, Prolycopene may be purified by chromatog- 
raphy on calcium hydroxide,* magnesium oxide-Supercel,* or 
deactivated alumina.* 

Crystallization, Prolycopene has been crystallized from petro- 
leum ether.* 
Methods of Assaying for Purity: 

Chromatography, The purity of prolycopene may be determined 
by chromatography on calcium hydroxide,**^ magnesium oxide- 
Supercel,* or deactivated alumina.* 

Visible Spectrum. PeUoleum ether: 443.5 and 470 nm.^ 
1920.* Carbon disulfide: 469.5 and 500.5 nnt* Benzene: 454.5 and 
485 nnt* Chloroform: 453.5 and 484 noL* 

Infrared Spectrum. The infrared spectrum of prolycopene has 
been reported.* 
Melting Points Vrolyco^nt melts at 111 ''C 
Probable Impurities: Oxidation products, and other isomers of 
lycopenc." 

Condldons of Storage: Darkness (brown vial), inert atmosphm 
(sealed ampoule), and low temperature (—20 
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Carot-37 
Proneurosporene 

(Synonyms: Protetrahydrolycopene, Neoneurosporene 
Unidentified Carotene I» and Poly-c»-^-carotene)^ 

Formula: CtoHw 

Formula Wt : 538.91 

Cale. %:C,89.1S;H, 10.85 

Proneurosporene is a poly-^u-neurosporene that contains a trans' 
double bond at the middle of the molecule.* 

Sources: 

Natural Sources. The principal sources of proneurosporene are 
the ripe berries of Pyraeantha angustifolic^ and fruits of the 
*'golden jubilee'* and 'Tangerine'* varieties of tomato.* . 

Chemical Synthesis. The chenucal synthesis of proneurosporene 
has not yet been reported. 
Isolation Procedures: Berries or fruit are extracted with a solvent 
such as acetone, ethanoU or methanol The carotenes are then 
transferred Into petroleum ether and puriiied by chromatogra- 
phy, with or vnthout prior saponification with alcoholic potas- 
sium hydroxide. 
Methods of Puriflcatton: 

Chromatography, Proneurosporene is puriiied by chromatogra* 
phy on 2:1 calcium hydroxide-Celite,* 3:1:1 magnesium oxide- 
ealduni hydroxide-Cdite,* 1:1 nugnesium oxide-Supercel,* or 
deactivated alumina.' 
Methods off Assaying for Purity: 

Chromatography, Assays for the purity of proneurosporene 
may be carried out by chromatography on columns of the ad* 
sorbents just gjvcn.*^ 

Vi^le Spectrum.^ Hexane: 408, 432, and 461 nm. EiU 2040 at 
432 nm. 

infrared Spectrum, The infrared spectrum of proneurosporene 
has been reported.* 

Nuclear Magnetic Resonance Spectrum, The nuclear magnetic 
resonance spectrum of pronetirosporene has not yet beoi re* 
ported. 

Melting Point. Proneurosporene has not yet been crystallized. 
Probable Impurities: Prolycopene, other m-isomers of neurospo- 
* rene, and oxidation products. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 ""Q. 

RtftROCM 

1. L. Zeehnrister. cb-trana-ZMmcrie Carotenoid»» yUambu A and ArjflpolHnes, 
Academic Press. New York. 1962» p, 74. 

2. E. P. Magoon «nd L. Zcchmcister, Arch. Blochem, Biophyt.^ 68* 263 (1957). 

3. H. H. Tfombiy and J. W. Porter. Arch. Btcchtm, Biophys., 43. 443 (1933). 

4. S. C Xushwaha. O. Suzue. C. Subbanyan. and J. W. Porter. J. Blot, Chem., 
24S, 4708 (1970). 

5. K. Ltmde and !• Ztdtuntkur, J, Am. Chem. Soc, 77, 1647 (1933). 



75 



Retinal / Retlnolc Acid 



Carot-38 
Retinal 

(Vitamin At Aldehyde) 

Formula: C»H«0 

Formula Wt.: 284.44 

Calc. %: C. 84.45; H, 9.92; 0. 5.63 




Isomers: Six isomers of retinal have been reported:* &\Utrufts; 13-c/j 
(aeo-a); ll-ciif(neo-b);9-cix(i$o-a);9»13'di-c/i(iso-b);and U,13- 
di-cir(ne(x). 

Bipotency: Ail-//o/u-retinal and 13-ci^^etinal have 91 % of the bio- 
logical activity of aU-/nmi>retinyl acetate. Other isomers (cis) of 
retinal have a lower biological activity.* 

Sonrces: 

Natmi Sources, AU-rmnjr-rednal is present in herring roe and 
in hens* eggs.* In the ^es of animals^ marine fish, and Crustacea, 
retinal is present as the ll-c£r isomer.* 

Chemkal Synthesis. Retinal is formed from rettnol by oxidation 
with activated MnOt in petroleum ether.* 
Mefliods of Pmllleation: Retinal may be separated from retinol and 
its esters by column chromatography. Retinal and its isomers may 
then be crystallized from petroleum ether; or their semicarba* 
zones from ethanol; or their (2,4-dinitrophenyl)hydrazones from 
ethyl acetate.* 
Methods of Assaying for Purity: 

Column and ThmdMyer Chromatography. The adsorbents used 
for the chromatography of retinal are similar, or identical, to 
those used for the chronoatography of retinoi and its derivatives,^** 
Retinal is eluted from water-deactivated alumina columns with 
1-2% acetone. When retinal is chromatographed on thin-layer 
plates of silica gel G, the chromatograms are developed with 
ether-hexane (1:1). The isomers of retinal are partially separated 
in each of the above systems. 

Gas-Liquid Chromatography. Retinal is more stable than reti- 
nol or retinyl acetate on gas-liqutd columns. It can be recovered 
quantitatively under proper conditions.* However, isomerization 
occurs at high temperatures. 

Ultraviolet Spectrum, The values and the absorption max- 
ima of retinal and its isomers in ethanol have been reported as 
foUows:»'«-» aU-/nwj, 1530 (381 nm); 13-cw. 1250 (375 nm); 
XWis, 878 (376 nm); 9-cw, 1270 (373 nm); 9.13-di.c/j. 1140 (368 
nm); and n,l3-di-c«, 700 (373 nm). 

Other Spectra, The infrared* and fluorescence" spectra of 
retinal have been reported. 

Meiting Points, The melting points of rednal and its isomers 
have been reported as follows:" ali-/nuii, 57 and 65 *C; 13-cif, 
77 ll^ir, 64 "C; 9-c«, 64 'C; and 9,I3-di-ctf, 49 and 85 
QuandtatiTe Assays: The quantity of retinal is most frequently de- 
termined by ultraviotet absorption spectroscopy.****" However, 
retinal forms a transient, highly colored complex with andmony 
trichloride,* triflucH^cetic acid," and other Lewis acids. Hence, 
the quantity of retinal may also be determined through measure- 
ment of the quantity of light absorbed by this complex. The high- 
est recent value of £t « at 666 nm is 4150.' Previous values have 
been as low as 3340.**" The presence of acetic anhydride affects 
the absorption maximum and the extinction coefficient. Various 
retinal isomers, but not retinol, also react with thiobarbituric 
acid. The complex has £|L 2040 at 530 nm." 



The 9-c/j, 11-c/j, and 9»13-dhc/j isomers of retinal react .with 
psin (isolated from the retina) to yield rhodopsin or isorhodop- 
sin."*" In 2% digitonin solution, the E\%^ values for the opsin 
c mplcxes are 9-c/j. 1439 (487 nm); W-cis, 1467 (500 nm); and 
9»13-dt-ci.t, 1271(487 nm). The retinol isomers having U-c/i or 
ly-cis double bonds may be distinguished by the maieic anhy* 
dride test.**" 

Probable Impurities: Retinol, cu-isomers, and oxidation products. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 ''Q. Solutions of retinal 
in pure solvents are reasonably stable in the dark at low tempera- 
tures. 
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Carot*39 
Retinoic Acid 
(Vitamin Ai Add) 

Formula: CwHaOi 

Formula Wt.: 300.44 

Calc. %: C. 79.96: H, 9.39; 0, 10.65* 

Isomers: The four unhindered isomers of retinoic acid (aU-/mfi5, 
9<is^ I2*cist and 9,13-<li</j) have been crystallized and charac- 
terized.' 

Biopotency: AU*rmiw-retinoic acid has 10-141% of the growth- 
promoting activity of retinol. This discrepancy in activity is at* 
tributable to the method of administration of retinoic acid to 
the animal c/5-Isomers of retinoic acid have less biological activ* 
ity than the aU-rnmi-compound. Retinoic acid does not fulfill the 
visual or reproductive functions of retinol or retinal* 

Sources: 

Natural Sources. Traces of retinoic acid are found in liver and 
bile after the administration of retinal;' larger amounts are ex- 
creted in the bile as the ^-D-glucosiduronic acid.' 

Chemical Synthesis, Retinoic acid is prepared from retinal by 
oxidation with silver oxide, or as an intermediate in the synthesis 
of retinoid 
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Rcdnol 



Carot-40 




Methods of Puriflcalion : Retinoic acid may be separated from many 

"'^JJ^compounds by chromatography on 
Comolete ourifieation of the compound i$ achieved by CTys»M|» 
?„ from methanol, ethanol. or isopropyl alcohoL Methyl n:t.no- 
ate is crystallized from methanol.* 

Methods of Assaying for Purity: •._„;ji..i>HMt 

from silicic acid columns by smaU P'-^'^^^l^t 
ane. This compound also migrates well on a «hm-l8yerptoteor 

£ gel G when a solvent system of 4:1:1 »?»«!|f^""J°^ 
ZJnoV is used. Retinyl <»-iyglucosiduron|c aad also m.»^t« 
S« gel G plates in 5:5:5:1 benzene^loroform-methanol- 

'^rtSa«,m.,.f~/./.y.Retinok:addmaybesW 
retinol on silicone-treated paper (reverse phase) when vanous 
.- polar solvents are used to develop «he chronMto^ni. 

Ion-Exchange Chromatography. Retinoic aad is dutei from a 
o^T-ceJulose column by 0.04 M HQ in «hand.' and from . 
SSrad AG.2.X8 anion^hange column with 5:95 acetK actd- 

- "SS'/rf Chromaiography. Methyl rettnoate may be a«ayed 
for puiS by gas-liquid chromatography. This compound may 
a?o rioverS quantiu.ively . since it is quite stable at elevated 

temperatures.* _ f'» values of retinoic add and its 

Ultraviolet Spectrum. The £, «, vaiutt oi 

isomers*-" in purified ethanol* are: aM-~ .9^ 
iSS,. 1320 (354 nm); 9-cis. 1230 (345 nm); and 9.13^/*. 1150 

'tltg Pou... Melting points for -tinoicaa^ ."d^Us i»m« 
have been reported as follows: all-froiu. 180 C, 13<ir, 173 t, 
9<f» 191 "C; and 9,13-di-cM. 136 "C-" 

oJLiUtive Assays: Ultraviolet absorption spectroscopy is mw^ 

^monly used to determine the quantity of 
The amount of Ught absorbed by the tratvsiait ^f^J^^ 
laa,;Acx of retinoic add with antimony ^J"""^ 
3 acid «» and other Lewis acids is also a measure of the quan- 

BCetlC acio. ana oma 

ti^ of reunoic acid. An Aio. »aiue oi w'ww / 
* reported for this complex." 
Probable IropuriUes: c/>lsomers and oxidation products. 
SSo«Tf Storage: Darkness (brown vial)^ inert atmosph«re 

(Sled ampoule), and low temperature (0 'Q. Sol-uons of tte 

add in pure organic solvents in the dark are reasonab y stable. 

whereas aqueous solutions of the acid deteriorate rapidly. 
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Carot-40 
Retinol 

(Vitamin Ai Alcohol) 

Formula: CsoH«0 
Formula Wt.: 286.46 
Calc %:C. 83.86; H, 10.56; 
0. 5.59 




HjOH 



I'- 
•I- 



NoBOKlature: "Viumin A. alcohol" has 'l,/'""! . 

by the Commission on Nomenclature of Biological Chemistry. 

and thesteieochemistry of methyl groupsat CI has been assigned 

by analogy with that of lanosune. 
toier,: Six isomers of vittmin A have been 
ni3<L (neo^); n-cts (neo-b); Ms (iso^); 9.13^-cl* (iso-b): 

U^ToJnited Sutes Pharmacopeia) unit and Internanomd Umt 
(1 U ) are defined as the amount of all-irawretinyl acettte (0.344 
having the biological activity of 0.300 ^g of all-«»/«-reunoL 

^°°^!««/ Sourtes. The best sources are liver oils of marine fish, 
where vitamin A. occurs mainly as retinyl esters f 
also present in the blood and tissues of vertebrates and in the eyes 

of cnist&ccft. ^ f 

Chemical Synlhesb. Many procedures have been reported for 
the synthesis of retind. These include synthesis from acetone and 
SS?from/>.ionone via condensation with methW 3-niethy^. 
SSte.* from fl-ionone via vinyW-ionol by the W.tug reac- 
SnTand from <»-ionone via a C.^aldehyde (Darzens' reacu n 
follcJwed by Grignard addition of B-methyl-a-penten-J-yn-l^L 
These methods of synthesis have been reviewed.*-* 

Methods of PuriUcaUon: .-.^i...^ 
CryuaUizaiion. In the past, retinol or iu ester, were isolated 
fromfish-Uver oils by molecular distillation. At present however. 
hSpotency concentrates and crystalUne retinol. or lU denva- 
• 5m.ar"2:eraUyp.eparedbychenucalsy«t^ 

tab of all-rm/«^retinol are obtained from methanol or ethyl for- 
mate. Solvent-free crystals are obtained from propylene oxide r 

^t!Zo^'Z,ography. Many adsorbentt have been em- 
ployed, including alumina, dicaldum phosphate, cataum «r- 
EoS magnesium oxide, magnesium carbonate. siUcu: aad and 
bS^ iUl.» Columns of water^tivated alumina ait c m- 
mTnly^d; from these, retinol is eluted <1''««^»«««5; J**; 
"5% acetone in hexane. Isomers of retinol may be separated n 
whLs of dicalcium phdsphatC"' or on thinJayer plates of 
S gel G developed with petroleum eth« («°v» bo«to^ 
^thyf-heptenone (1 1 :2)...Thin.layer P'««,«f ^^^j^^^^ 
alumina have also been used with vanous solvents." Retmol inay 
Sc Te^tS by fluorescence under ultraviolet Bght. or by reacoon 

with iodine vapor. :-,„--n«ted 
FarMon Chromatography. Vanous adsorbents, »n>pregnatod 
such as with vaseline or silicone oU. may be used as > *«t^nary 
phase, with relatively polar solvents as the moving Ph«*> . 

Ga^-LU,u!d Chromatography. Retinol is ™P«<«y "'l^''^,"' 
anhydrwetinol under nonnal conditions of gas-bquid chroma- 
togSlphy." but it may be Uolated with little destn.ct.on at 150 C 
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Retfaiyl Acetate 



by use of high flow rates on columns of 1 % SE-30 on siliconized 
mesh Gaschrome P that has been conditioned at 250 X 
and treated with an antioxidant" 
Methods of Assaying for Purity : 

Chromatography. The above methods of chromatography may 
be used to assay the purity of retinol 

Ultraviolet Spectrum, Retinol and its isomers each have a single 
light-absorption maximum. £! in ethanol; &\Urans, 1832 (325 
nm); lZ<b, 1686 (328 nm); ll-c£f, 1220 (319 nm) or 945 (322 
nm);» 9^is, 1480(323 nm); W-dMs, 1379(324 nm); and 11,13- 
^-cis, 908 (311 nm). Several c/^-isomers also have small absorp- 
tion maxima (£| « about 350) between 235 and 260 hm. Spectral 
properties of retinol derivatives have been collated."'*^'" 

Infrared Spectrum The infrared spectrum of retinol has been 
fcpOTted^***-" 

Fluorescence Spectrum, light of wavelength 325 nm is absorbed 
maximally, and emitted at 470 nm.'^^* 

Nuclear Magnetic Resonance Spectrum. The nuclear magnetic 
tesonance spectrum of retinol has been reported.' 

Melting Point. The melting points of retinol and some of its 
isomers have been reported as follows:* all-inw, 62*^ X 
(solvent free)« 8 X (methanol-solvated); 58-^ X; 9<is, 
82-83 X; and 9.13.di^ij, 58-59 'C 

Other Properties: Polarography of retinol" and the x-ray powder 
diagram of its crystals* have been reported. 

Qnantitatfve Assays: The quantity of retinol is usually determined 
by absorption of ultraviolet light*-'**'* Fluorescence of retinol may 
be measured.*' Assays may be made by the Carr*Price reaction. 
Retinol forms transient, but intensely colored, complexes with 
antimony trichloride, triiBuoroacetic add,** or other Lewis adds. 
Hie E\1m vahie at 620 nm of this spedes is 5070. AU isomers of 
retinol give the same complex. Retinol may also be dehydrated 
with add to yield anhydroretinol, which is measured spectro- 
photometrically. £|L values in ethanol are 2500 at 351 nm, 3650 
at 371 nm, and 3180 at 392 nm.** 

Probable Impurities: c/j-Isomers and oxidation products of retinol 
are the most common impurities. 

ComlltioRS of Storage: Darkness (brown vial)« inert atmosphere 
(sealed ampoule), and low temperature (0 *Q. Peroxide-free ethyl 
ether and acid-free acetone or ethyl acetate are preferable to dther 
ethanol or petroleum ether for storage. However, ethanol is suit- 
able as a solvent for brief periods, for specuroscopic analysis.** 
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CaroMl 
Retinyl Acetate 
(Vitamin Ai Acetate) 

Formula: CssHssOs 

Forauila Wt : 328.50 

Calc %: C, 80.44; H, 9.82; 0, 9.74 



0-?-CHi 



Isomers: The acetates of each of the six isomen of rednol have been 
synthesized.* 

I^potency: A U^.P. unit or an International Unit (I.U.) of all- 
inm^retinyl acetate is 0.344 ^g. Therefore, pure aU-rmnv-retinyl 
acetate contains* 2.904 X 10* I.U./g. 



Natural Sources. Retinyl acetate is not found in natural mate- 
rials. 

Chemical Synthesis, Retinyl acetate is synthesized from retinol 
by treatment with acetic anhydride or acetyl chloride in pyridine, 
or from acetylated intermediates in the synthesis of retinoL* 

Methods of Purification: Retinyl acetate may be separated from 
retinol by column chromatography. The compound may then be 
purified by crystalHzation from methanol. Purification methods 
were reviewed in I960.* 

Methods of Assaying for Purity: 

Column Chromatography, Similar or identical adsorbents are 
used for the column chromatography of retinol and retinyl ace* 
tate.*** On columns of water-deactivated alumina, retinyl acetate 
is eluted, after /^-carotene* by hexane or 0.3% of acetone in hex- 
ane. 

Partition Chromatography. Column-partition chromatography 
and reverse-phase paper chromatography have been used to sepa- 
rate retinyl acetate from retinol and other retinyl esters.^ 

Cas-Uquld Chromatography. Retinyl acetate may be assayed 
for purity by gas-liquid chromatography. However, retinyl ace- 
tate forms anhydroretinol during gas-liquid chromatography un- 
less proper conditions are maintained.* 

Ultmviolet Spectrum, The maximum for retinyl aceuite differs 
from that of retinol in £| » values only. The £! m values reported 
for retsn^ acetate in ethanol are: all-rrafis, 1560 (325-326 nm); 
lUis, 1430 (328 am); 1 \<b, 973 (320-321 nm); 9<is, 1200 (323 
nm); 943-di-cis, 1110 (324 nm); and 11.13-di<i:r, 859 (310-311 
om).*'* 

Fluorescence Spectrum. Retinyl acetate maximally absorbs light 
f 325 nm, and emits part of the energy at 470 nm.>A9.t 
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Carot-42 / Carot-43 



Melibig Point. A value of 57-58 'C has been reported. 
Other Properties: Infrared spectrum, nuclear magnetic rKOfiance 
spectrum, and polarographic behavior are similar for retmol and 

retinyl acetate . . 

Quantitative Assays: Ultraviolet-light absorption and colonmetric 
analysis' ' are most commonly used in assays for quantity of 
retinyl acetate. Colorimetric assays may be naade with the Carr- 
Price reagent (antimony trichloride), or 
or other Lewis acids. The value at 616 nm is 4420 for the 

colored species, . j * r 

Probable Impurities: cii-Isomers. retinol, or oxidation products of 

retinyl acetate. . 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (0 'Q. Retinyl acetate » 
more stable in peroxide-free ethyl ether, add-free acetone, or 
acid-free ethyl acetate in the dark than it is in other solvents." 



i. CommbsioD oo ih« Nomenctotui. of Blologk.1 Chemmor. ItJPAC. /. Am. 

4. J. W. Porter ud & O. Andenon. in Clmmaiotrcphjt. a HtfOMim. tO., 

Rcinhold Publishing Corp-. New York (1961). p. 465. 
J. J. A. Ohon. to Newer Method, 'f N""*'^ VoL 2. A. A. 

AltencK. td.. Academie Pctu Inc. '•^^'!:?7Lm 
«. P. E. DuMgia. h.. tat. A. OUoo. Aif. "! ,«» ,,-43, 

7. R S«bo*..S. Kwn. »»i E. l^e»«to. jr. Am.aem ije.. M. 19S9 (IMJ). 
t. S. Fo«enn.D *nd J. S. Andrews J. Bhl. Chenu. »»• «»<'»«♦'• ^ 
9. R. E. Dttg«.. N. A. Frigerio. .nd J. M. Slebeit. ^ C*««» »♦ 

Producu Ifulusuies, Rochester* H. Y. (1964). 



Carot-42 
Retinyl Palmitate 
(Vitamin Ai Palmitate) 

Formula: CuHmOt 

Formula Wt.: 524.88 

Calc. %;C, 82.38; H. 11.52; 0,6.10 



<CH^-CH3 



Isomers: Six isomers of retinyl palmitate may be formed (see 
Retinol, Carot-40). . , „ 

Blopotency: A U^.P. unit or an International Unit of alUrems- 
letinyl palmitate is 0.55 mS- V^va* P^^ aU-inwi-retinyl palmitete 
eontains 1.817 X 10" LU./g. 



Namral Sources. Retinyl palmitate is the major ester of rctinol 
found in liver, intestine, and retina of many vertebrates. SmaUcr 
amounts of stearate. oleate, and other esters are also prcsenti 

Chemical Synthesis. Retinyl palmitate is synthesized by direct 
esterificalionof reUnol with palmitoyl chloride in pyridine/ or by 
reaction with methyl palmitate in the presence of sodium ethox- 

of Purification: Retinyl palmitate may be separated from 
retinol by column chromatography. It may then be crystaUizcd 
fr m propylene oxide.* 
Methods of Assaying for Purity: ^,^,ka„i* 
Colunm and Thin-Layer Chromatography. Similar adsorbents 



Retinyl Palmitate / Spidlloxanthin 

are used for the column chromatography of retinol and retinyl 
palmitate.* ' Retinyl palmitate is eluted from columns of water- 
deactivated alumina with "hexane or a very smaU percentage of 
acetone in hexane. Retinyl palmitate may also be chromato- 
graphed on a thin layer of silica gel G. PeU-oleum ether-isopropyl 
ether-acetic acid-water (180:20:2:5) or pcu-oleum ether-acetom- 
Uile-acctic acid-water (190:10:1:5)* are used to develop the 
chromaiogram. 

Partition Chromatography. Column-partition chromatography 
and reverse-phase paper chromatography have been used to sepa- 
rate retinyl palmitate from retinyl acetate and retinol.* * 

Gas-Uquid Chromatography. Retinyl palmitate does not emerge 
from gas-liquid columns at temperatures suitable for the chroma- 
tography of retinyl acetate and retinol.* 

Ultrovioiet Spectrum. Retinyl palmitate differs from reUnol m 
its ultraviolet absorption spectrum in £} « values only. In ctha- 
nol, aU-fwwretinyl palmitate has an £l « value of 1000 at 325 

fluorescence Spectrum. Light of 325 nm is absorbed maximally 
by retinyl palmitate. A portion of this energy is emitted* as light 

of470nm. ^ , 

Melting Point. A value of 28-29 •C has been reported. 
QuantitaUve Assays: The quantity of retinyl palmitate is normaUy 
determined by measurement of ulu-aviolet light absorbed^-* or 
through measurement of light emitted by fluorescence.*-*'" Assays 
may also be made by measuring the absorbance of the colored 
complex formed with such Lewis acids as antimony trichloride 
and trifluoroacetic acid." An eVL value of 2760 is obtained at 

616 nm. . . j . 

Prctoble Impurities: Rctinol, ci>isomers. and oxidauon products. 
Conditions of Storage: Darkness (brown vial), inert atm sphere 

(sealed ampoule), and low temperature (0**Q. Solutions of reunyl 

palmitate are reasonably stoble in the dark at low temperatures in 

peroxide-free and acid-free organic solvents." 
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Carot-43 
Spirilloxanthin 

l,l^Dimethoxy-3A3^4^tetrahydro-lAl'.2'-tct^ahyd^()- 

^»^-carotene 
(Rhodoviolascin) 



Formula; C^mOs 
Formula Wt.: 596.95 



SqnaJene 



Calc* %: C, 84.51; H, 10.12; O, 5.37; OCH„ 10.40 
Sources: 

Naturd Sources. Spirilloxanthin is found only in photosyn- 
thetic. bacteria. JlhodospiriHum rubrum (stationary-growth phase) 
is an excellent source of this compound.*** 

Chemical Syfifhesis. The total synthesis of spirilloxanthin has 
been reported.*** 

Isolation Proeedure: The extraction, saponification, column chro- 
matography, and crystallization of spirilloxanthin have been 
reported.***-* 

Methods of Puriflcatioo: 

Chromatography* Column chromatography on either a calcium 
carbonate-calcium hydroxide mixture* or deactivated alumina' 
may be used to separate spirilloxanthin from other carotenoids. 

Crystallization. Chloroform-petroleum ether,* acetone-petro- 
leum ether,' benzene-petroleum ether,' or benzene*** are used for 
crystallization. Spirilloxanthin is only slightly soluble in petro- 
leum ether, moderately soluble in benzene, and readily soluble in 
acetone or carbon disulfide. 

Methods of Assaying for Purity: 

Chromatography, The purity of spirilloxanthin may be deter- 
mined by chromatography on calcium hydroxide/ on circular 
filter paper having a suitable filler,*** or by the thin-layer tech* 
nique.'* 

Solvent Partition. The partition ratio** between petroleum ether 
and 95% methanol is 88:11' 

Visible Spectrum. Petroleum ether (b.p. 40-70 ""Q: 463, 493, 
and 528 nm. £!L 2680 at 493 nm.*Spectral curve.**' Acetone: 468, 
498, and 534 nm. Chloroform: 479, 509, and 544 nm. Benzene: 
480, 510, and 548 nm. Carbon disulfide: 495, 532, and 570 nm. 

lodine-isomerized spirilloxanthin shows **ci9-peak'* absorption 
at 367 and 385 nm in petroleum ether.* 

Infrared Spectrum. The infrared absorption spectrum of spiril- 
loixanthin in a potassium bromide pellet has been reported." 

Nudear Magnetic Resonance Spectrum, The nuclear magnetic 
resonance spectrum of spirilloxanthin has been reported.*-** 

Mass Spectrum. The mass spectrum of spirilloxanthin has been 
reported.** 

Melting Point, Spirilloxanthin melts at 216-218 in an evacu- 
ated tube.*** 

Probable Impurities: Oxidation products, c/x-isomers, and rhodopin 
or anhydrorhodovibrin when spirilloxanthin is isolated from 
natural sources. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and low temperature (—20 ^Q. 
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Carot-44 
Squaiene 



Formula: CjoHia 
ForaiuUWt: 410.74 
Odfc %: C 87,73; H. 1127 




Sources: 

Natural Sources. Squaiene is found in the largest amounts in 
fish^iver oils, particularly those of elasmobranchs,^ * Squaiene is 
also found in plants.*** 

Chemical Symhesis, Several chemical syntheses of squaiene 
have been reportecL*^ In addition, it has been shown that natural 
squaiene synthesized with tritium at C*12, has the configura- 
tion.'* It has also been shown that natur^ squaiene is the all- 
iran^isomer*'^ 

Isolation Procedures: Squaiene is removed from biological materials 
by exu^on with such solvents as acetone, methanol, or ethanoL 
llie mixture of compounds in the extraa is then subjected to 
saponilicadon, and, subsequently, squaiene and other nonsa- 
poniiiable compounds are transferred into petroleum ether. 
Methods of Purification: 

Chromatography. Squaiene is punfied by chromatography on a 
column of alutnina, on a thin*layer plate, or by the gas-liquid 
technique.**-" 
Methods of Assaying for Purity: 

Chromatography. An assay for squaiene by chromatography n 
a column of alumina has been reported.** 

Thin-Layer Chromatography. Squaiene may also be assayed*' 
for purity by chromatography on a thin-layer plate of silica gel G. 

Cos-Liquid Chromatography, The purity of squaiene may be de- 
termined'* by gas'liquid chromatography on a column of SE-30. 

Derivative Formation. The hexabromides and hexachlorides of 
squaiene have been prepared.* The thiourea clathrate of squaiene 
has also been prepared,^ and the biochemically important squa* 
lene 2,3-oxide has been synthesized.**'" 

Solvent Partition. Squaiene is insoluble in water, soluble in 
ether, petroleum ether, carbon tetrachloride, or acetone, and 
sparingly soluble in alcohol or glacial acetic add.** 

Jailing Point}* b». 285 *C; b4, 250 *C; b».i», 203 *C 

Density, d? 0.8584 g/ml; dS 0.8538. 

Refractive Index, n^ 1.4965. 

Infrared Spectrum. The infrared spectra of natural and syn- 
thetic squaiene have been reported.' 

Nudear Magnetic Resonance. The nuclear magnetic resonance 
spectrum of squaiene has been reported.*' 
Probable Impurities: Oxidation products and cu-isomeis. 
Conditions of Storage: In darkness, at a low temperature (0 ''Q. 
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Carot-45 / Car tAl^ 



Torularhodin, Ethyl Ester / Vlolaxanthin 
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Carot-45 

Torularhodin, Ethyl Ester 
Ethyl 3',4'-Didehydro-/3,^-carotcn-16'-oate 

(j3-C4o-Carotenoic Acid, Ethyl Ester) 

FonnulazCsHuOi 
Formula Wt: 592.91 
OUc %: C. 85.08; H, 9.52; 0, 5.40 



0-C2H9 



Sources* 

Natural Sources. Torularhodin has been isolated from micro- 

organisms."*^ ..... a 

Chemical Synthesis, The ethyl ester of torularhodin is prcparea, 
in analogy to the methyl ester.* from 0.apo-2'-carotcnal (d) and 
Cl-(cthoxycarbonyl)ethylltriphenyiphosphonium bromide 

Methods of Purification: This pigment is purified by chromatogra- 
phy on a column of deactivated alumina, and by crystallization 
from organic solvenu (e.g., ethyl acetate). 

Methods of Assaying for Purity: . 
Chromatography. This compound may be assayed for punty by 
chromatography on a column of deactivated alumina, or by chro- 
matography on a thin-layer plate of secondary magnesium phos- 
phate or silica gel G.» Ethyl aceute-dichloromethanc (1:4), car- 
bon disulfide, or benzene are used to develop the latter chromato- 

grams. . * 

Visible Spectrum. Torularhodin ethyl ester in hcxane exhibits 
maxima at 475, 500, and 533 nm. £11. (hcxane) 2290, 3050, and 

2430, respectively. 

Nuclear Magnetic Resonance. The nuclear magnetic resonance 
spectrum of torularhodin ethyl ester has been reported.' 

Melting Point. Torularhodin ethyl ester melts at 156-158 C 
(uncorr.) in an evacuated tube. 
Probable Impurities: c/VIsomers of the ethyl ester of torularhodin. 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and at a low temperature (-20 •Q. 
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Carot-46 

Torularhodinaldehyde 

3%4'-Didehydro-^,iA-ca>^<>^^"-^*'"** 

(3',4'.Didehy dro-17'-oxo-7-carotene ; ^C4or Carotenal) 

Formula: CioHuO 

Formula Wt: 548.86 

Ode. %: C. 87.53; H. 9J5; O. Z92 




Natural Sources. This compound has not been reported to be 
present in any natural sources other than Rhodotonda species,^ 
where it is present in small amounts. 

a^ifdcal Synthesis. The synthesis of this compound from 
15,15'-didehydro-^po^'-carotenal by enol ether condensadon 

has been reported.* . 
Methods of Puriftcation:Thi$ compound may be purified by chroma- 
tography on columns of alumina, and by aystallization from 

organic solvents.* 

Methods of Assaying for Purity: 

Chromatography. The purity of this compound may be deter- 
mined by chromatography on a column of alumina or on a thin 
layer of silica gel G (Merck). Ethyl ether-cyclohexanc (1:4) is 
used to develop the latter chromatogram.* 

* Visii^e Spectrum. Petroleum ether (b.p. 80-105 "C): 509 and 
540 nm (shoulder). Cyclohexane: 513 and 544 nm (shoulder). 
Benzene: 522 nm. The £11. value at 508 nm is 2865 (petroleum 

ether, b.p. 80-105 ^ ^ 

Melting Point. A melting pdm of 166-168 X has been re- 

ported.* 

Probable Impurities: c£^Isomers of torularhodinaldehyde. 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule), and at a low temperature (-20 •€). 
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Carot-47 

Vlolaxanthin , ^/ * 

(3l?^R,6S^'S^'«,6'S)-5,6,5',6'-Diepoxy-5,6^ ,6 -tetra- 

hydro-i3^-carotene-3,3'-dial 
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^•Zeacarotene 



Formula: CiQHi«0« 

FonmOaWt: 600.89 

Ode %: Cp 79.96; H. 9.39; 0, 10.65 




Violaxanthin has been characterized as 5,6,5',6'-diepoxy-2eaxan- 
thin.> The stereochemistry of this compound is known to be 3S»3' 
5,^' and the coniiguration of each 5t6-epoxide group is thought to 



dourccss 

Natural Sources, Violaxanthin is found in many flowers,^ 
- fruits/ green leaves^* and algae.**' Crystalline violaxanthin has 
been isolated from Viola tricolor,* 

Chemical Synthesis. Violaxanthin has allegedly been prepared, 
in low yield, by oxidation of 23eaxanthin with monoperoxyphthalic 
add.* However, the niain produa probably differs from natural 
* violaxanthin in the configuration of the 5,64poxy groups.' 
Isolation Proc«iures:* Yellow blossoms of Viola tricolor are dried, 
and then extracted with petroleum ether. The combined extracts* 
are concentrated, and the material in the solution is saponified. 
Violaxanthin is then extracted into petroleum ether, and purified 
by crystallization or chromatography. 
Methods of Purification: 

Soivettt Partition* A partial purification of violaxanthin can be 
achieved by solvent partition.* 

Ckrmatozrapky* Violaxanthin may be purified by chromatog* 
nphy on a column of magnesium oxide^*** zinc carbonate," or 
cakium carbonate*^ 

Crystaliixation. Violaxanthin can be crystallized from methanol 
or carbon disulfide." 

Derivatives, The di-(i^nitrobenzoate) and the dibenzoate of 
violaxanthin have been reported.** 
Methods of Assaying for Purity: 

Chromatography, The homogeneity of violaxanthin can be de- 
termined by chromatography on thin-layer plates" or on kiesel- 
guhr paper." 

Solvent Partition, An observed polarity of 2.49 and an Mm of 
66.2 have been reported" for this compound. 

Visible Spectrum.^ Carbon disulfide: 440, 470, and 501 nm. 
Chloroform: 424, 451.5, and 482 nm. Petroleum ether: 417.5, 443, 
and 472 nm. Ethanoi: 417.5, 44Z5, and 471.5 nm. approxi- 
mately 2400 at 442.5 nnt**" Spectral curves for violaxanthin have 
been published.**'* 

Nuclear Magnetic Resonance, The nuclear magnetic resonance 
spectrum for violaxanthin has been reported.**'* 

Optical Rotatory Dispersion, The optical rotatory dispersion 
curve for violaxanthin has been reported.'* 

Afosf Spectrum. The mass spectrum of violaxanthin has been 
reported.'' 

Melting Point, Violaxanthin melts at 200 ^C* 

Optical Rotation, An (a]cd of +35^ (chloroform) has been re- 
ported for violaxanthin." 

Derivatives, Auroxanthin is formed on treatment of violaxan- 
thin with dilute acid.'* 

Color Reactions, Violaxanthin gives a persistent blue color 
when an ethereal solution of this compound is shaken with 20% 
aqueous hydrochloric acid.'* 
Pr^able Impurities: Antheraxanthin, auroxanthin. and zeaxanthin. 
Conditions of Storage: Darkness (brown vial), inert atmosphere 
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(sealed ampoule), and at a low temperature (-20 '^Q. Contact 
with acid vapors must be avoided. 
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Carot48 

^•Zeacarotene 

7',8'-Dihydro-/3,^*carotenc 

(all-tron«-7',8'-Dihydro-7-carotene) 



Formula: C^Hm 
Formula Wt.: 538.90 
Calc %: C, 89.15; H, 10.85 




Sources: 

Natural Sources. /9-Zeacarotene has been isolated from yellow 
com grain.* ycast,» and fungi.* 

Chemical Synthesis. The chemical synthesis of ^-zeacarotcne 
from farnesyl triphenylphosphonium bromide and 15,15'-dide* 
hydro-apo-12'«caroienal by a Wittig reaction has been reported.* 
Isolation Procedures: /3-Zeacarotene is extracted from biological ma- 
terials with an organic solvent. The carotene is then transferred 
ipto petroleum ether, with or without prior saponification, and 
purified by chromatography. 
Methods of Purification: 

Chromatography, ^Zeacarotene is purified by chromatography 
on a column of magnesium oxide-Supercel,>'> alumina,*** or cal- 
cium hydroxide-Celite.^' 
Methods of Assaying for Purity: 

Chromatography, ^-Zeacarotene may be assayed for purity by 
C(dumn chromatography as just noted. It may also be assayed for 
purity by chroniatography on a kieselgel plate, or by thin*layer 
chromatography on alumina.* 

Visible Spectrum. Petroleum ether: 406. 428, and 454 nm. 
1660. 2520, and 2300. respectively.* 

Infrared Spectrum. The infrared absorption specU^m of ^-zea- 
carotene has been reported,* 
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Carot48 / Carot-49 

Nuclear Magnetic Resonance, The nuclear magnetic resonance 
spectrum of ^-zeacar lenc has been reported.* 
Mass Spectrum. The mass spectrum of ^-zeacarotcnc has been 

published.* 

Melting Point* /3-Zeacarotene melts at 96-97 C. 
Probable Impurities: Oxidation products. ci>isomer$ of ^-zeacarot- 

ene, and, possibly, r-carotene. 
Conditions of Storage: Darkness (brown vial), mcrt atmosphere 

(sealed ampoule), and at a low temperature (-20 •Q. 
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Carot-49 
Zeaxanthin 

(3R,3'/l)i3,i3-Carotene.3,3'-diol 
03.Carotene-3,3'-diol) 

Formula: C4oHMOk 

Formula Wt.: S68.89 

Ode %: C, 84,45; H, 9.92; 0, 5.62 




Sonrces: 

Natural Sources. Maize seeds,* * calyx of Physalis alkekengi (as 
physalien, a zeaxanthin dipalmiute),*"* and in smaU proportions 
in other plant sources.*-*-' The absolute configuration of natural 
zeaxanthin from Physaiis alkekengi and maize has been estab- 

lished^ * as 3 W/l, . u 

Chemical Synthesis, The total synthesis of zeaxanthm has been 

reported.*-^* 

Isolation Procedures: The isolation of zeaxanthin from natural 
sources involves extraction, saponification under mild conditions, 
extraction of the carotencdiol with petroleum ether or ethyl ether, 
chromatography, and crystallizatioa*-*-" 

Methods of Pmiftcation: 

Solvent Partition. Zeaxanthin may be separated from carotenes 
by partition between petroleum ether and 95% methanol**" 

Chromatography. Zeaxanthin may be purified by column 
chromatography on calcium carbonate, calcium hydroxide, 
zinc carbonate, magnesia, magnesium siUcatc. or deactivated 
alumina.***^** 

Crystallization. Several solvent combinations may be used for 
crystaUization. Two of these are carbon disulfide-ethyl ether- 
petroleum clher* and dichloromethane-methanol.* Ethanol or 
methanol may also be used. Zeaxanthin is almost insoluble in 
petroleum ether, slightly soluble in ethyl ether, and quite soluble 



in chloroform or carbon disulfide. One gram f the pigment dis- 
solves in 1.5 liters of boiling methanol.* 
Denvatives. Diesters* and diethers" f zeaxanthin have been 

reported. 
Methodsof Assaying for Purity: 

Chromatography. The purity of zeaxanthin may be determined 
by chromatography on columns,' on circular paper having a suit- 
able filler," or on thin layers of adsorbent" 

Solvent Partition. The partition ratio between petroleum ethrx 
and 95% methanol is 11:89; and between petroleum ether and 
85% methanol is 40:60." 

Visible Spectrum. Petroleum ether (b.p. 40-60 Q: 423, 452, 
and 480 nm. £!!„ 2350 (452 nm) and 2050 (480 nm). Spectral 
curve* Ethanol:* 423 (shoulder), 451, and 483 nm. Methanol:* 
422 (shoulder), 450, and 481 nm. Chloroform:* 429 (shoulder), 
462, and 495 nm. Carbon disulfide: 450 (shoulder), 482, and 517 
nm. lodine-isomcrized zeaxanthin shows "c/x-pcak" Ughf ab- 
sorption at 336 nm (petroleum ether)." 

Infrared Spectrum. The infrared spectra in chloroform and 
bromoform have been reported.* 

Nuclear Magnetic Resonance Spectrum. The nuclear magneUC 
resonance spectrum of zeaxanthin has been reported." 
Mass Spectrum. The mass spectrum of zeaxanthin has been 

repOTted." " . , 

Optical Rotatory Dispersion. The opucal rotatory dispersion 

curve of zeaxanthin has been reported.* 
Melting Point, Zeaxanthin melts at 205-206 ^C in an evacuated 

^^%tical Rotation. An [akd value of -40" to -4? (chloroform) 
has been reported." 
Probable Impurities: Oxidation products, cw-isomers, and possibly 

lutein. 

Conditions of Storage: Darkness (brown vial), inert atmosphere 
(sealed ampoule). and at a low temperature (-20 *C). 
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